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PREFACE

This report has been prepared to serve as an unclassified source

of information ani data concerning the atmospheric nuclear test program

conducted by the United States prior to 1963. The information contained
herein was reproduced directly from the classified versions of the

I. DASA 1251 series of reports. The classified material which was deleted
to prepare this report was in accordance with the requirements of the

Atomic Energy Act of 1954 and would not contribute to an understanding

of the radiation interactions with personnel. All fallout plots and
radiation contours are presented exactly as they 8,1peared in the classi-
fied version of DASA 1251.
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INTRODUCTION

The objective of this report is to provide a ready reference of
fallout patterns and related test data for those engaged in the anal-
ysis of fallout effects.

This compilation was extracted from DASA 1251 "Local Fallout from
Nuclear Test Detonations " (U) Vol. 2 "Compilation of lallout Patterns
and Related Test Datu•" (U) Parts I through 3. DASA 1251 Vol. 2 was the
work of Manfred Morgenthau, Harvy Meieran, Richard Showers, Jeffrey
Morse, Norman Dombeck, and Arnoldo Garcia of the U.S. Army Nuclear
Defense Laboratory under Defense Atomic Support Agency (now Defense
Nuclear Agency) sponsorship.

Although local (early) fallout is emphasized, the data presented
will be useful to those studying world-wide (delayed) fallout as well.
In this report local fallout is defined as all fallout which consists
principally of the larger particles that are deposited within 24 hours
after the detonation. World-wide or delayed fallout is defined as
fallout which consists of very small particles which descend very
slowly over large areas of the earth's surface.

Data resulting from each U.S. detonation are presented chronolog-
ically. For each, detonation, the basic information useful for an
interpretation of the fallout data is tabulated first. This is followed
by both on-site and off-site fallout patterns where available. A graph
of the growth-rate of the cloud and stem is presented next. Wind speed
and direction are than tabulated as a function of altitude, and hodo-
graphs are drawn from these data.

EXPLANATION COMMENTS ON DATA PRESENTED

Fallout Patterns

One or more fallout patterns are given for each event, except for
those shots for which no sigificant residual radiation was observed
downwind of GZ or for which no patterns were found in the literature.
In the remarks included on the basic data sheet for each shot, the
individual fallout patterns are discussed briefly; some comments are
made for those shots for which no patterns were available. The dose-
rate contours for the fallout patterns have been drawn to show the
gamma dose rate in roentgens per hour, three feet above the ground, in
terms of the one hour after burst reference time. The t-la approximation
was used when no actual decay data was available to adjust radiation
measurements to the one hour reference time. It is important to recog-
nize the H+l hour is used as a reference time, and that only the con-
tours from low yield weapons are complete at one hour after burst.
"For high yield weapons, fallout over some partp of the vast areas
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shown does not commence until many hours after the burst. The time
of arrival of fallout is indicated on some of the fallout patterns by
"dot-dash" lines. The time lines are intended to give only a rough

,• average arrival time in hours as estimated from the wind reports and
the available monitoring information.

Induced Activity Patterns

The contamination resulting from low air bursts is due primarily
to the activity induced by neutrons which are captured by certain ele-
ments in the soil, notably sodium, manganese .at aluminum. The re-
sulting radiation field is circular and covers a limited area about
ground zero. Weather conditions have very little influence on the
location or shape of the induced radiation pattern. However, increas-
ing the mvisture content in soils can increase the induced activity
levels. The rate of decay of the induced radiation field is different
from the decay of fission products and depends on the composition of
the soil over which the weapon was detonated. For Nevada soil, the
sodium and manganese composition generally varies by a factor of 1.4
to 2 and the aluminum composition varies by a factor of 3 to 7 within

Al and between test areas. For most induced activity patterns in this
report, a general neutron-induced decay curve for Nevada soil was used
to extrapolate the observed dose rates back to H+l hour. For a few in-
duced activity patterns, Na24 decay is used to extrapolate the observed
dose rates to H+l hour. This decay rate is not strictly applicable but
it closely approximates the observed decay.

-V Wind Data

The tables of wind data give surface and upper air winds for
heights up to at least the top of the nuclear cloud. These data are
presented for times as close to shot time as possible and for several
times after shot. Directions are in degrees from which the wind is
blowing, and are measured clockwise from North. Velocities are in
statute miles per hour. The height of the tropopause at shot time is
given when available. Although the meteorological data were taken in
close proximity to ground zero, they do not necessarily represent the
wind field downwind from ground zero in space and time.

The hodographs are drawn for a constant balloon rise rate of
5,000 ft/hr and are presented for illustrative purposes only. The
fall rates of particles vary considerably with altitude; therefore,
errors will result from the use of a constant fall-rate hodograph for
fallout prediction. In general, particles in higher altitude levels
fall faster and the percentage change in the falling rate is greater
for larger particles. The numbers on the hodographs represent alti-
tudes in thousands of feet. The associated points represent the loca-
tions on the surface where purticles having a constant fall-rate of
5,000 ft/hr would land if they originated over GZ at the altitudes

X shown. The letter S on the hodographs stands for "Surface" and the
number next t.o it in parenthesis (for the Nevada shots) is the site
elevation of ground zero in feet above MSL.
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OPEPATION CROSSRDS - Able

PPG time G_ _ _ Sponsor: LASL and DOD
DATE: 1 Jul 19146 30 June 19Wi6
-Ii•: 0900 2200 SITE: PPO - Bikini

- -" 110 37' 10" N
1650 29' 20" E

Site elevation: Sea level
01-AL YIELD: 23 kt

SHEIGHT OF BURST: 52O ft

TYPE OF BURST AND PIACEMET:
Air burst over water

FIREBALL DATA.
Time to ist minimum: NM CLOUD TOP HEIGHT: 4 0,OOO ft MSL
Time to 2nd maximum: NM
Radius at 2nd maximum: 576 ft CLOUD FOT I'OM HEIGHT: Not available

CRATER DATA: No crater

RFMAIWS:

The residual radioactivity on target vessels was low. On D+I day,
radioactivities greater than O.lr per 24 hours were found on only 13
vessels. The residual radioactivity in the water after fl-hour was
negligible.
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TABLE , BXKINI WIND DATA FOR OPERATION CROSSROADS, ABLE

Altitude H-hour H45 hours HR; hours(K•L) Dir _ Speed Di..!r .Speed Di r Speed,,
feet degrees mph degrees mrph degrees mph

Surface (070) (09) 045 C9 070 08
2,000 130 15 ... ..... ..
4,000 130 16 130 16 120 14
5,000 (130) (16) (130) (15) (120) (14)
6,000 140 17 130 14 120 15
8,000 12M 13 1M0 14 020 16

10,000 (120) (19) 130 17 12 16

12,000 120 08 110 16 130 17
14, 000 100 10 110 10 070 53
15,o0o 100 08 020 06 040 06
20,000 330 05 150 17 170 09
25,o000 180 09 280 02 230 07
30,000 34o 07 330 05 310 05
35,000 340 02 080 06 Calm Calm
40,000 070 09 360 25 350 28
45,000 030 30 330 31 320 32

NOTES:
1. Numbers in parentheses are estimated values.

2. Surface wind data was obtained on Bikini; upper wind data was
obtained on board the Mt. McKinley.

S3. Tropopause height was 54,000 to 60,000 feet (exact height is
uncertain).

4. At H-hour "he surface air pressure was 14.68 psi, the temperature
S27.2 0C and the dew point 23.4 0 C.

7
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OPERATION CROSSROADS - Baker

PPG time GMT Sponsor: LASL and UDD
DATE: 25 Jul 1946 27 Jul 1946
.TI: 0835 2135 SITE: PPG - Bikini - Near How

11- 37' 10" N
1650 29' 28" E

Site elevation: Sea level
TOTAL YIELD: 23 kt

HEIGHT OF BURST: -90 ft

TYPE OF BURST AND PIACEXENT:
Underwater - cable-supported

FIREBALL DATA: 90 ft above lagoon floor.
Time to 1st minimum: NM Lagoon was 180 ft deep.
Time to 2nd maximum: NM
Radius at 2nd maximum: NM CLOUD TOP HEIGHT: 7,600 ft MSL

CRATER DATA:
Diameter: 3,300 ft maximum

1,800 ft minimum
Depth: 25 ft

RFMARKS:

The contamination pattern is unreliable. The dose-rate readings
used for the pattern were obtained from the total dose measured by
film badges collected between D+10 days and D+15 days. The radioactivity
on the target vessels diminished At its greatest
extent the base surge extended about 2,000 yd upwind, 3,000 yd crosswind
and 4,COO yd downwind. "The contamination resulted from fallout or
radioactive rain from the mushroom head reinforced somewhat by condensation
of the base surge. Ideally there should have been an annular infinitive-
dose pattern as a result of fallout from the outer edges of the mushroom
head. This ideal pattern was changed because of the intermittent be-
havior of the rain-out and because of the varying ability of the different
target ships to retain the fallout activity."
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dose rate contours in r/hr at H+1 hour.

10

Nk:4



+Si

-- - 0 7-

J /ft

?'Go f

a 0

/10

-j
0 Cloud Height

A Cloud Diameter

MOM Diameter

,650 ft

0 5 10 IS t0o25 3035 404550 U so s0
Time, Seconds

Figure 5. Cloud Dimensions: Operation CROSSROADS - Baker.

ii.i



TABLE 2 BlIKIN~I WIND DATA FOR 0PiEATI0N CROSSROADS BAKE1

(MSL 15irection Speed (MBL)- Direction 3pe e d
feet degreeb mph feet degroes mph

Surface 200 03 114,000 080 09
2,000 iSo 12 15,000 080 09
4,o000 160 12 16,000 080 13
6,000, 150 09 20,000 110 09

800150 08 25,000 050 12
10,0o0 120 09 30,000 040 20

12,0000 110 14 35,000 060 32

UOTES:
1. Surface wind data was obtained at H+1 hour on Bikini;

upper wind data was obtained on board the "Fall River."
2. Tropopause height was 54,000 to 60,000 feet (exact height

is uncertain).
3. At H-hour the surface air pressure was 14.68 psi, the

temperature 28.9'C and the dew point 25.0CC.

9%
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Figure 6. Hodographs for Operation CROSSROADS B aker
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OPERATION SADSTONE - X-Ray

PPG Time GMT Sponsor: LASL
IpTE: 15 Apt "1ý14 Apr 19M84

TIME: 0617 1817 SITE: PPG - Eniwetok " Janet
110 40' N

1620 14' 37" E
Site elevation.: Sea level

TOTAL YIELD: 37 kt
HFZGHT OF BURST: 200 ft

MYPE OF BURST AND PIACE2ENT:
Tower burst over coral soil

FIREPALL ITA:
Time to 1st minimum: 104 CLOUD TOP HrEIGHT: 56,OOO ft MSL
Time to 2nd maximum: NM CLOUD BOITOM ]LEIGH: 25,000 ft MSL
Radius at 2nd maximum: NM

CRATER DTA:. Not available

P4•MEKS:

No fallout pattern available. Radioactive samples were taken from
Ground Zero and showed a decay Also much
activity due to Na 3 ' was observed. Cloud reached the tropopause
in 12 minutes.
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TABLE 3 ENIWETOK WIND DkTA FOR OPERATION SANDSTONE - X-RAY

"Altitude H-hour H+2 hours H+3 hours
*(EBL) Dir _Speed Dir Sed Dr Speed

feet degrees mph degrees mph degrees mph

Surface 090 10 090 12 070 16
2,000 --- -- 100 15 070 23
4, 000 --- -- 100 12 090 23
5,000 100 14 (100) (12) (095) (24)
6,ooo --- - 090 12 100 25
8,O00 --- -- 110 21 090 23

10,000 130 14 130 15 080 16
12,000 ..... 120 13 080 12
14,000 --- . 140 09 070 09
15,0OO 150 09 (140) (09) (075) (08)
16,000 ..... 140 10 080 07
18,000 ...-- 140 09 360 07
20,000 160 09 14o 02 210 02
25,000 230 12 220 12 120 09
30,000 240 14 210 15 .....
35,000 220 23 210 21 ......
40o,oo0 220 15 220 21 .....
45,000 220 34 220 37 .....
50,000 230 23 230 21 .....
55,000 220 14 --- --...

NOTFS:
1. Numbers in parentheses are estimated values.
2. Tropopause height was 55,000 ft MSL at H-hour.
3. The H-hour wind data was estimated by the USAF weather station

on Eniwetok Island. The H+2 and H+3 hour winds .,ere measured.
4. At H-hour the sea level pressure was 1190 mb, temperature 75 0 F.

and the dew point 710F.-
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OPERATION SANDSTONE - Yoke

PPG time amT
DATE: 1 Kay 19O 30 Apr 1948 Sponsor: LASL
TIM- : 0609 1809

SITE: PPO - Sniwetoh Sally
110 37 40" N

1620 19' 27" E
TOTAL YIELD: 49 kt Site elevation: Sea level

HEIGHT OF BURST: 200 ft

TYPE OF BURS3T AND PIAC34ENT:
FIRMLL IDTA: Tower burst o'rer coral soil

Time to 1st minimum: NM
Time to 2nd maximum: NM CLOUD TCP HEIGIT: 56,000 ft MSL
Radius to 2nd maximum: NM CLOUD BOTIOM HEIGHT: 35,000 ft ML

CRTA DATA: Not available

fI
REMARKS: I

No fallovi; pattern available. Cloud renched tropopause in 12
minutes. Yoke rain-out was observed or. Kwajalein at H+36 hours;

F rain fell for 10 hours and t*.e maximum activity observed was 6 to
10 mr/hr.
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Figture 10. Cloud Dimensions: Operation SANDSTONE- Yoke.
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TABLE 4 ENIWh'ZTK WIND DATA FOR OPEAPIATI SANDSTONE YOKE

Altitude H-hour U+, hours
(ML) Dir Speed Dir Speed
feet degrees mph degrees mph

Surface 080 16 070 15
2,OQ) --- -- 070 21
4,000 --- 090 12

5,000 090 14 170 07
6,000 --- -- 18o 08

10,,000 16o 12 150 .#39
14,0o0 --- -- 080 41
15,00O 090 07 090 29
16,000 --- -- 100 28
20,O00) 220 12 170 U2
25,000 210 16 250 70 I
30,000 210 24 270 47
35,000 220 148 --- --
140,ooo 210 57 -- -

45,o000 210 54 .....
50,000 200 49 .....
55,000 200 40 .....

NOTES:

1i. Tropopause height was estimated to be 56,000 ft MSL at H-hour.
2. The H-hour wind data was estimated by the USAF weather station

on Eniwetok Island. The H+3 hour winds were measured.
3. At H-hour the sea level pressure was 1050 rob, the temperature

790F, and the dewpoint 72"F.
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OPERATION SANDSTONE - Zebra

PPO time QMT Sponsor: IASL

TIME: 0601 1804 SITE: PPG - Eniwetok - Yvonne
- - II 33' 15" N

1620 21' 24 " E
Site elevation: Sea level

TOT~AL YILD: 18 kt HEIGHT OF BURST: 200 ft

TYPE OF BURST AND PLACEMENT:

Tower burst over coral soll

FIREALL DATA:
Time to lst minimum: NM CLOUD TOP HEIGHT: .8,hOo ft MSL

Time t,) 2nd maximum: NM CLOUD B0rL¶OM HEIGHT: 20,000 ft M1L

lbdius at 2nd maximum: NM.
CRATER DATA: Not available

REMAIRKS:

No fallout pattern available.

A 
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Figure 12. Cloud Dimensions: Operation SANDSTONE- Zebra.
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TA13LE 5 ENIWETOK WIND DATA FOR OPERATION SANDSTONE- ZEBRA
I:

Altitude H-hour 11+2 hours H+3 hours
(MSL) Dir Speed Dir Speed Dir Speed
feet degrees mph degrees mph degrees mph

Surface 080 10 100 09 090 09
2,000 100 17 110 16 100 17
5,000 130 13 110 15 110 14

10,000 220 13 190 12 220 14
15.,000 270 14 24o 07 24o 08
20,000 240 21 250 20 260 24
25,000 250 31 260 29 250 36
30,000 270 50 260 45 270 44
35,000 280 50 26o 46 290 44
40,ooo 270 83 290 48 290 56
45,0M0 270 40 280 48 270 55

NOTES:
1. Tropopause height was 54,000 feet MSL at H-hour.
2. The 11-wind data was estimated by the USAF weather station

on Eniwetok Island. The H+2 and H+3 hour winds were measured.

3. At H-hour the sea level pressure was 810 mb, the temperature
810 F, and the dew point 740F.
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Figure 13. Hodographs for Operation SANDSTONE - Zebra
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OPERATION GREENHOUSE - Dog

P.TG time GMT Sponsor: LASL
DATE: 6'Apr 1951 7 Apr 1951
•TIME: 0634 1834 SITE: PPG - Eniwetok - Yvonne

- 110' 33' 21" N
162P 21' 16" E

Site elevetion: Sea level

HEIGHTi OF BURST: 300 ft

TYPE OF BURST AND PLAC&4EN2:
Tower burst over coral soil

CLOUD TOP HEIGT: 56,000 ft MSL
CLOUD BOTTOM HEIGHT: 33,000 ft MSL

HFIARKS:

The dose-rate readings were corrected to H+l hour by applying the
t-1'2 law to measurements made by the Radiological Safety organi-
zation. Measurements on Yvonne were made at H+85 hours. Many of
the measurements were obtain-d from a helicopter flying at an altitude
of 10 to 20 feet above the ground. These readings may th.refore be
low by as much as 20 to 50 percent. The wind shear at about 20.000
feet accounts for the higher dose rates on the southeastern part of
the atoll, as compared to the southern end of the shot island.
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TAME 6 ENIWE7OK WIND DATA FOR OPERATION GREEMIOUSE - DOG

Altitude H-hour H4g hours
(MSL) Dir Speed Dir Speed
"feet degrees mph degrees mph

Surface 070 22 040 21
4,000 080 33 --- --

5,000 (080) (30) 090 24
6,000 080 26 --- --

10,000 080 22 100 25
14,000 070 21 070 25
15,000 (o7o) (24) (070) (25)
16,ooo 070 29 070 24
20,000 030 22 050 22
25,000 300 12 340 17
30,000 280 31 290 29
35,000 230 29 230 29
40,000 220 33 230
45,000 280 26 250 31
50,000 310 22 330 29
55,000 340 31 360 36
60,000 030 33 .....

NOTES:
1. Numbers in parentheses are estimated values.
2. Tropopause height was 55,000 ft M5L at 11-hcur.
3. At H-hour at a pressure of 1000 mb the temperature

was 250 C and the dew point 220 C.
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OPERATION GREENHOUSE - Easy

PPG ti me, G Sponsor: IASL
DrTE: 21 Apr 1951 20 Apr 1951
TIME: 0627 1827 SITE: PPG - Eniwetok - Janet

---- IV 40' 08" N
1620 14' P5" E

Site elevation: Sea level
TOTAL YIELD: 47 kt

HEIGHT OF BURST: 300 ft

TYPE OF BURST AND PLACEMrENT:
Tower burst over coral soil

FIREBALL IATA:
Time to ist minimum: 19 to 29.5 msec
Time to 2nd maximum: 200 to 230 msec
Rddius at 2nd maximum: NM

CLOUD TOP HEIGHT: 41,000 ft MSL
CLOUD BOTTOM HEIGHT: 30,000 ft MSL

CRATER DATA:' Diameter: 836 ft
Depth: 2.4 ft

REMARKS:

The fallout readings on the shot island vere obtained by the
Radiological Safety organization at H+28 hours and corrected to
N+1 hours, using the t-1*2 decay apprnxii•tion. Dose rates
shown for other islands are based upon daily surveys made to
determine field decay rates. Readings were made 1 meter'above
the ground with gamma ionization cham~bers. The values shown
were corrected to H+1 hour by extrapolating from the experimental
decay curves. There was a wind shear at about 15,000 feet.
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S~~TABLE. 7 E';IWETOK WIND DA1• FOR OPERATION GRF•41{USE -- FS

Altitude H-3•.,hours H-hour 'H+2•- hours H+6,, hours
S(KSL) Dir Speed Dir Speed , Dir S~eed Dir Speed
-feet degrees mph degrees mph. degrees mph degrees mph

z

Surface 050 16 060 16 070 17 070 20
5,000 100 09 080 13 070 16 090 06

10,000 070 08 090 06 100 05 200 14
14,000 210 03 --- . 220 07 210 07
15,000 --- -- 24o 06 (230) (07) (230) (08)
16,000 28o 07 .. 250 07 260 10
20,000 310 03 330 04 360 05 Calm Calm
25,000 320 13 350 13 300 08 310 22
30,000 26o 20 270 28 270 15 270 40
35,000 270 28 280 31 280 35 270 46
4o,0oo 280 32 280 37 280 4o 270 40
45,000 260 35 270 38 260 37 240 28
50,000 270 28 260 32 260 30 250 30
55,000 350 35 240 23 340 12 230 06
60,1000 330 15 330 15 --.- -.- ---

NOTES:
1. Numbers in parentheses are estimated values.
2. H-hour values were determined by interpolating between the H-31

and H+21 hour values.
3. Tropopause height was 53,000 ft MSL at H-hour.
4. At H-hour at a pressure of 1,000 mb the temperature was 250 C and

the dew point 21C0.
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OPERATION GREENHOUSE - George

Sponsor: IASL
PPG tire GMT SITE: PPG - Eniwetok - Ruby

ATE: 9 May 1951 8 May 1951 110 37' 37" N
TIME: 0930 2130 1620 18' 53" E

Site elevatiorn: Sea level

HEIGHT. OF BURST: 200 ft

TYPE OF BURST AND PLACE4ENT:
Tower burst over coral soil

CLOUD TOP HEIGHT: 56,000 ft MSL
CLOUD BOITIXM HEIGHT: 41,000 ft MSL

REMARKS:
The survey readings on the shot island were obtained at H+24i hours

and extrapolated to H+1 hour uiI nf the t-1 .2 decay approximation. Since
the winds were from the west-southwest throughout their entire struc.
ture, no radiation reading higher than twiee background was observed on
islands beyond 2,000 yards from ground zero.
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TABLE 8 ENIWETOK WIND DATAL FOR OPERATION GREENHOUSE- GEORGE

Altitude HI-hour H;6 hours H+12 hours
,(EL). Dir Speed Dir Speed Dir Speed .
feet degrees mph degrees mph derrees mph

Surface 240 14 260 16 130 12
4,ooo 26o 35 ---.........
5,000 (250) (32) 26o 25 220 15
6,000 250 31 ---........

10,000 250 48 270 31 260 26
14,000 ... 260 30 270 41
15,000 26o 26 (260) (31) (260) (40)

16,000 --- . 260 32 260 39
20,000 230 23 220 32 260 23
25,000 190 25 200 23 240 37
30,000 230 24 180 20 180 33
35,000 270 20 160 18 160 31
4.0,000 290 18 200 13 160 26
45,000 170 03 010 07 170 16
50,000 310 15 030 41
55,000 020 12 ---..

NOTES:
1. Numbers in parentheses are estimated values.
2. Tropopause height was 55,000 ft M1L at H-hour.
3. At H-hour at a pressure of 1,000 mb the temperature was

27°C and the dew point 230 C.
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OPERATION GREENHOUSE - Item

PPG Time me Sponsor: IASL
IDrTE: 25 May 1951
TIME: 0617 1817 SITE: PPO - Eniwetok - Janet

-- -- 110 4o' 23" N162P 141 55" E
Site elevation: Sea level

HEIGHT OF BURST: 200 ft

TYPE OF BMRST AND PLACEMENT:
Tower burst over coral soil

COUD TOP HEIGHT: 40O,000 ft mm
LU •BOTTOM HEIGHT: NM

I!

i
The survey readings of the shot island, Janet, were obtained by the

Radiological Safety Organization at H+24 and H+72 hours and extrapolated
to H+l hour by the t°.• "2 decay approximation. Most readings wereobtained from a helicopter flying at an altitude of 10 to 20 feet and

the observations were considered representative of readings 3 feet
above ground. Such rendings may be low by 20 to 50 percent.
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TAHLE 9 ENIWETK WIND IDTA FOR CEPATION GREE•IBUSE- ITEMi

Altitude --- hour . S+f hours . hours
(MBL) Di-r S.peed +Dir Epeed " ir Speed' .

feet degrees mph degrees mph degrees mph

Surface 070 15 O70 22 070 15
5,000 090 16 080 17 090 15

10,000 090 05 060 02 Calm Calm
14,ooo 250 10 250 10 250 09
15,o0o (260) (09) (26o) (09) (270) (10)
16,ooo 280 (08) 2o 09 290 13
20,,000 2,'- 09 300 10 310 16
25,000 250 12 360 09 350 13
30,000 360 10 -- 350 12
35,000 250 09 ..... 250 06
4o,000 280 08 --- ......
45,ooo 150 08 ........ .. -

50,000 330 10 -.........--

NOTES:
1. Numbers in parenlieses are estimated values.

2. Tropopause height was 55,000 ft MSL at H-hour.
3. At H-hour at a pressure of 1,000 mb the temperature was

31 0C and the dew point 230 C.
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OPERATION IVY - Mike

PPG time GMT Sponsor: ASL AM

DATE: 1 Nov 1952 31 Oct 1952
TIME: 0715 1915. SITE: PPG - Eniwetok - Flora

11- 14' 14" -N
1620 11' 411" E

Site elevatiqn: Sea level
TOTAL YIELD: 10.4 mt

HEIGHT OF BURST: Surface

FIREBALL IATA:
Time to 1st minimum: 270 to 310 msec
Time to 2nd maximum: 3 to 3.5 sec TYPE OF BURST AND PIACD4ERT:
Radius at 2rnd maximum: NM Surface burst on coral soil

and water
CLOUD TOP HEIGHT: 98,000 ft MSL
CLOUD BOTIO•M HEIGHT: 59,000 ft MSL

CRATER rATA: Diameter: 6,240 ft
Depth: 164 ft

RDEMARS:

Most of the fallout occurred over the open sea. Documentation of
the fallout was thus limited to the islands and the lagoon of
Eniwetok atoll. The lagoon dose rates were determined by multiplying
the readings obtained on rafts by the factor 7. This factor is
based upon the ratio of Operation Jangle field dose rates and readings
taken over flat plates after their removal from the contaminated area.

The data presented for the lagoon stations can thus be considered as
approximations only. The island dose rates are based upon ground-
and aerial-survey readings and were adjusted to H+1 hour by using
the t-"2 law to approximate ýhe decay.
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TABLE 10 MIW1Lt0K WIND DATA FOR OPERATION IVY- MIKE

Altitude U1-hour
(MSL) Dir Speed
feet degrees mph

Surface 090 05
5,000 090 1610. 'o0oo 095 17

S15,000 115 17
6. 20,000 125 14

25,000 170 15
30,000 220 20
40,000 230 17

• 50,000 220 14
60,000 o4o 09
70,000 100 23
80,000 085 09
90,000 280 12

100,000 250 23
110,000 300 23
120,000 040 06
130,OO0 Calm Calm
135,O00 Calm Calm

NOTES:
1. Tropopause height was 56,000 ft MSL at H-hour.
2. The surface air pressure was 14.66 psi, the temperature

29.40C and the dew point 23.8 0C.

45

'1

*4 41 _ _ __ _



22.

122.5

SCALE

27.5N 0 1020 30

Rie. rate: sooo It/hr

H-Hour

12.
755 2.



OPERATION IVY - King

PPG time am Sponsor IASL
DATE: 16 Nov 1951 15 Nov 1952
T.ME: 1130 "330 SITE: PPG - Reef northeast oft

north end of Yvonne
11V 33, 44" N

1620 21' 09" E
TOTAL YIELL. 500 kt Site elevation: Sea level

FlALIDTA:
Time to 1st minimum: 62 to 70 msec HEIGHT OF BURST: 1,48o ft
Time to 2nd maximum: 700 to 850 msec
Radius at 2nd maximum: 1,,68 ft CRATER DATA: No crater

CLOUD TOP HEIGHT: 67,000 ft MSL TYPE OF BURST AND PIAChiENT:
CLOUD BOTTOM HEIGHT: 51,800 ft MSL Air burst over coral soil and

sea water

RE.S:
Contamination of the islands of Eniwetok atoll was generally masked

by the contamination resulting from the earlier Mike shot. The dose
rates indicated in figure 102 are estimatee based upon readings taken
from helicopters flying 25 feet above the ground. The estimates are
corrected for dose-rate levels existing on D-1.

J
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TABLE 11 ENIWETOK WIND DYTA FOR OPEATION IVY- KINGe

Altitude 11-hour 1H+3• hours Ht9: hours
(MSL) Dir Speed Dir Speed Dir Speed
"t. feet degrees mph degrees mph degrees mph

Surface 070 20 080 22 070 24
5,000 105 23 080 26 090 26

10,000 085 23 070 20 090 20
14,000 ... .. 070 12 080 13
15,000 069 19 .-- --- --
16,ooo 060 16 040 12 070 17
20,000 059 20 050 23 040 25
25,000 056 24 050 33 050 05
30,o000 18 13 310 13 300 06
35,000 (351) (21) 330 26 260. 18
40,ooo 325 28 290 44 070 33
45,000 (322) (29) 320 36 280 45
50,000 320 30 230 08 050 17
55,000 (021) (22) 080 20 080 26
60,000 083 14 090 33 O70 .43
65,000 (079) (17) 090 24 090 32
70,000 076 21 070 05 130 23
75,000 288 07 330 18 300 05
80,0OO --- -- 320 18 340 23
85,000 ... .. 310 09 020 08
90,000 320 6 - --

95,000 .... 260 32 -

NOTES:
1. Numbers in paientheses are estimated values.
2. Tropopause height was 56,C00 ft MSL at H-hour.
3. The surface air pressure was 14•.66 psi, the temperature

28.O°C and the dew point 23.50C.
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OPERATION CAsTE - Bruivo

1PPG Time GMP Sponsor: LV,7.

MXTE: 1 Mar 195Iit F81eb IT)%
TIf*: O6h5 1845 SITE: PPC - Bikini - on reef between

Baker and CharlieTOA .YTr-hD: 15 Mt 4J° .,' (,
S. 1650 1.69 P5" X

.•Site elevation: Boa level
S~FIREBLL IATA:

Time to ist minimum: 313 to 350 msec 1DaGHT OF BUIST: 7 ft
Time to 2nd maximum: 3.54 to 3.95 see
Radius at 2nd maxiium: 9,512 ft CLOUD TOP IIIGIMl': ii.4,oO ft

CLOUD BOM1M MIGHM: 55,300 ft
TYPE OF BURST AND PIACD4ENT:

Surface burst from platform on CRATER IkTA: Diameter: 6,000 ft
Coral soil Depth: 240 ft

Lip: Apparent ly
washed away

RI
REMARKS:

The on-site fallout pattern wus constructed from survey meas.urmenLs on
Bikini Atoll, and from samples obtained with the total collectors and
gummed paper collectors. The free-floating sea stutions were not in the
correct location to receive primary fallout. The data were extWpolated
to H+1 hour by the composite gamns-ionization-decay curve obtailned from
samples measured in the laboratory.

This is the only megaton shot where some downwind land aivas were un-
expectedly contaminated; thus, partial documentation of fallout effects
was possible. However, the major portion of the 1Vllout occurred over
the open oceau and was not dountfd, Because this ,;hot is ono of those
used as the lasis of fallout predictlor for megaton yield weupon-, three
off-site fallout patterns arc prezented. Vc mus-; wldely known pattern
is shown in Figure 40. It wars construc::e.- I rrmra•ate.y after the event
from the preliminary data available at qs,, 1.103W. The second pattern
was constructed by NRUL by establishing an m.oderimeatal iodt:l; the field

T data plus a thorouh analysis of the wind t.ru, ctiLe existing at ad after
shot tiim was used. The third pattcrn wan constructed by RAND Corp., by
supplementing field observations with mode] ca.cuiltioncr.
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TBV 12 WIID3Y.T WFCU OPATI OR OMYIAE MWAVO

A~t~u~cI14~u~'j~joU~~ H+( houra
1____ §pueA 0 I r 8, eco M r ed

"I. vf t dc~gr'cs mph Aegreen mph brec mh
u.•face 06U 070 .1 .60 20

1,000 070 20 . . --

2,000 090 21 070 23 090 16
.3,0' 090 20 - .--
4,000 090 ,16 090 12 100 16.
r,000 (,ooo (jo) (090) (io) (090) (13)
6,ooo 120 05 086 13 080 09' •
7,o00 310 05 --- ..-- --
8,ooo, 310 05 300 07 350 03
.9,000 320 08 ' -- ...

1000 310 06 150 13 300 17'.12, ooo0 310o 12 32 2 •1 330 17 -A WO, 290 16 330 12 300 12
15•! ,Wo(20 (15) (330) (14h) (300) .'12)

.6,00' 290 3.5 320 17 "300 12.
18,ooo 290 .,15 300 26 310 16
20,000 280 15 290 26 290 20
25,000 260 22 210 25 250 28
30,0.0 250 30 230. 36 250 33

,35..000 2o Ito .. 26o 5
3 000 230 40 -- 260 55

'• ~ 50,0ON 2.50 36 -- , .- "7o 92 .,.

55,000 200 i8 350 13
57,OCO 34o 31 ...

:. Numbers in parenthe,.es are estiintcd values.
2.. ..- , ll-hc;,r wind data wa. obtraried on bkr'r the U.S.S. Curtiss. ' "

-3. Trorupause height was. 55,000 f MCSL.
4. At 1I-horur the sea leve.L preuvre w•as 1006. 1 rb, the temperature

Boor', the dew point 720F arnd t~ho rz1ati~vt humidity 77%.
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01'EHATON CASMLE Rfonk! o

PPT ti _ _-: GMT Sponuor: IA$L
TATE: 27 W-r 1954 26 Mar V154( TII2M: 0630 1830 SITE: PPG - Bikini - Shot 1 Crater

110 41,' 2'" N
1650 16' 23" E

Site elevation: Sea level

STOTAL YIELD: 11 Mt HEIGHT OF BU'ST: 7 ft

CLOUD TOP HEIGHT: 110,000 ft M4SL
CLOUD BOIITOM IEiGHT: 48,500 ft MSL

TYPE OF BURST AND PIACIMMET:
Surface burst from barge on water

* Water depth: 240 ft

RP.4AR;KS:
The individual island dose rates were token from aerial surveys by

the RadiologJczl Safety orgnnization and corrected to 11+1 hour with
the- t decay approximation. The contaminatlon due to previouu
shots was subtracted.
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TAME1 ' 13 I/XINI WIND DATA FOR OPEMPTION CASTLE- Roo

Altitude 11-hour 11+3 hours H1+9 hours
(MML) Dir Egeed Dir Speed-- Dir Speedfeet degrees mph degrees mph degrees mph

Surface O4O 12 070 12 070 20
1,000 060 15 070 17 060 21
2,000 070 16 070 37 070 18
3,000 060 15 070 14 090 21
4,000 060 13 090 i9 110 21
5,000 060 08 120 12 120 17
6,ooo 080 06 100 13 (14o) (15)
7,000 16o 07 160 14 150 15
8,000 170 09 140 o6 170 12
9,000 ---.. 120 06 19o 09

10,000 180 09 18o 06 1200 06
12,000 150 12 14o 12 150 08
14,000 100 12 100 13 110 17

15,000 (100) (15) (1oo) (17) (100) (18)
16,ooo 090 1- 090 22 (090) (20)
18,000 100 20 100 22 100 30
20,000 100 23 120 29 (080) (y) i
25,000 170 16 180 07 200 02
30,000 2.0 09 130 05 170 3235,000 180 21 180 20 220 15
4o,ooo 200 41 190 15 L2>90 08
45,000 300 06 250 10 200 17
50,000 140 17 150 10 150 20
55,000 270 17 200 12 170 05
56,0oo --.-- 16o 07 --- --

60,0oo 276 15 --- -- 240 15
62,000 ..-- - 260 12
65,.oo 320 12 ... --
67,00o 080 25 ... .. ... ..

1. Numibers in parentheses arc estiwated value:.,
2. Wind datu was obtained on boanA the U. S. S. Curtiss.
3. Tropopause height was 55,000 ft MSL.
14. At 11-hour the sea level pressure was 1012.14 mb, the temperature

80q', the dew point. 720 F and the relative humidity 77%.
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SCALE

o 10 210 340 40 50
miles

Rise rate' 5000 ft/hr 5.

52.5

52.5 5747.

40.5 67.5 52.5 475
4 .5 69.5

. .5 69.5 47.5 37.5
4. 2.5 42.5

35 32.5
.37.5

132.5
27.5

32.522.5 22.5 27.5

27.5
1125

12.5275
7.5 SJ

2.5 T,

2.5
75

H -Hour H+3 H1+9
Fi~gure 47 . odographs for Operatio~n CASTLE - Nono.i
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OMEAMlON CASTL~E Kor

PPG t im- GCTI'__ Sp~ovior: UCRtL
WIU,: 7 Apr 19541 6 Ay, 95

T.1Mlu: 06,10 1820 SITE: PPG - Bikini -'Tare

110 29' 48" N
1650 22' 03"1 E

Site elevation- Sea 1c'vel
TOTAL YIELD: 110 kt

IfX 'OF' BMW1~S: 13.6 ft

FI111BALL IATA: CLOUD) TOP WIINGiIT 53,000 f t YSL
Time to ].ut minimum, 52.51 + 2 msee CLOUD POTTOI14 I11UTIT: NM4
Time tc 2nd maximum: M1
lRadius at. 2nd maximum: NM CRAThI7V LATA: Diameterz 800 ftI

TP'OF BUR~ST AND PLACF_1iET:
Sur'face burst from p).ntrorm on

coral soil

The on-site fallout pattern was constiructud from survey readings Viade
by technical project personnel anid by the 1ýdiulojlcal Safe ty orgarJ zttion,
plus conver!ion of uctivity measuro'ments of i'aflout samples c~on.ectted on
rafts mild fnce-floatinr, buoys aiiohomd In thie lagoon. Tne~ fal.lout
oeeurrvd i~cuclly with ruslx~t to tfic zrvs urcrm.iit stationi so Tkhat more
readirrgt; than usual 'were Eival~lable. Th do,(--rate readirls 'WOM
extrapolated to 11+-1 hour by usin,-u~ c*ua 1 ficidl decay rates.
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On.-site dose rate contours in r/hr at 11+1 hour.
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TABIL 14 DflIN. WTND IATA FOIR O1F•1I'1ON CASI'LE KOON

AltJ Ludo |i-hour HIS hiourt; 11+9 hours_ (ML) m----S.-A -, ,_ _- -•- , i•," ,SI•'Cc
Di (eed-- Dir 'Sped irSpe

feet decrees mph defrees Mph degire mph

Surface 040 23 0(Q 20 080 3!5
1,000 0'yo 20 .-- --- --

2,003 060 18 080 23 080 17
3,000 090 09 --- --....

4,000 120 08 o09 114 100 22
5,000 (14o) (lo) (1m0) (lo) (o90) (20)
6,oo0 170 14 150 10 080 17
7,000 170 20 --- -- .--
8,000 190 16 160 14 100 15
9,000 200 16 --- .--. --

10,OO 200 16 170 14 1O'y
12,000 180 20 160 14 150 12
14,ooo 200 09 1'0 10 18o 12
15,000 (200) (10) (1,70) (114) (380) (09)
16, OOt 190 12 170 17 180 08
i8,ooo 200 12 180 22 280 03
20,000 220 05 I2f 10 18 260 12
25, COD 190 23 200 23 210 18
30,000 210 25 250 24 220 36
35,000 210 32 240 28 220 36
4o,ooo 230 39 250 38 250 55
45,000 280 28 26o 43 24o 51
50,000 240 4o 260 37 250 47
52,000 230 45 ---. ... --

55,000 ... .. 250 21 260 33
60,0oo ... .. 290 15 P4t0 07
65,Ooo --- 130 17 160 26
70,000 --- . 150 4o 110 26
75,)00 ---o.... .. . 080 29 J
79,000 .... 0906

NOTES:
1. Numbers in parenthesez ar!. esti•undAd values.
2. Winid data was obtained on bonrd the U.S.S. Curtiss.
3. Tropopause height was~ 5,3,000 ft FM~.
4. Al l-hour the ieoa !cve| trcs'rcu was 1009.7 mb, the temperature

81°F, the dew point *'50F -3,] the humidity 82%.

"78



4.4

Inn

In 0

in

InI

k c) 0q

t"-

Cd.

W))

Inj

791N

+4



OPERATION 0!^,,C"A,' - Union

1M,: time Gi1T Spcoror: IASL
M,. rT)E:, ) •pr' 195 '25 Apr 1954
TImis: 060, 1805 SITE: PPG - Bikini near Dog &

Fox
TOTAL ?-IELD: 6.9 Mt 110 39' 59" N

1650 23' A" E
Site elevation: Sea level

HEPgIGH1T OF BURST: 7 ft .

Water depth: 160 ft

CLOUD TOP HEIGHT: 94,000 ft moSL
CLOUD BOTTOM HE'iIGHT: 51,500 ft MSLT

[

The on-nite fallout pottevn was drawn frcm land survey ývadings made
by technical project prsonnel and by the Radiological Safety orLani.zetion,
plus convc'-pon of' the activity to dose-i"ate readings of samples from
fal.out colliectors. The shoL loruation and the winds localized the
radiation levels of ml litary significance to i.he northeastern portion
of th,, utoll. Tne doc, -rate reudings were extrapolated to 11+1 hoir

by using actual fiteld-d.cay rates.
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Figure 51. Cloud rliirencnions: 01pe vition CASITLE W non.
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TABMN 1S BIKINI WIND MTA FOR OVPE1MATION CASTiF.- UNIQN

Altitiide 11-hour 11+3_ci'fl hmirn
(ML) ir EL-,pL Dir l.;ptcd D1 r Spced

feLet degrees mph dogrees Mph de;:cB(,ruc mph

Siurface 050 20 090 16 03o 18
1,003 060 24 --- -- ---

2,000 080 21 090 22 100 14
3,000 090 20 --- -- --- --[ 4000 090 21 090 20 090 10
5,000 (1oo) (2'0) (090) (:18) (100) (10)
6,ooo 110 21 080 17 110 12
7,000 120 21 -- -- --- --

8),ozo 130 20 00 17 130 1
9,000 120 18 - -- --- --

10,000 110 14 100 16 130 15
S2,000 350 04 060 08 09o) 014
14,000 360 07 020 .8 36.
15,ooo (300) (18) (0ot) (10) (ioo) (08)
16,000 2i0 P 0360 17 ii0 09
18,000 290 16 260 09 240 08

2,6000 300 17 2200 30 14
25,000 200 38 220 34 21..
30,000 250 46 29i0 50 250 33
35,000 P-40 51 260 )48 2)40 36
40,000 250 46 260 08 360 39
145,000 250 16 240 45 260 44

50,000 260 32 210 24 26o 50
55,000 220 1o0 110 29 3150 29
6O.-ooo 180 17 340 02 1902o 16
65,o000 . -- 6033 090 20
70,000 2 2090 846 100 31
75,000 0500 58 6o0 50
80,000 260 32 100 36 100 47
85,000 180 17 080 62 120 h7
90,000 ... .. 050 85 ---
95,000 ... 320 18 .... .

1. NMumbers iv parenthoenvero n•- i ntt,,'ted vatu,:.
2. Wind drita wtus obtained oi board Lit I. S. S. Curtios.
3. Tropopnuue hel,,ht wu: .'(,O0 lCt MJ.
S4. At. IT-hour t.je �ne lf!vel piwe.mu •.iv ]O'(.0 )(V Ib the te visture

810F,thc c•,w point '(,'" ,ind th•: hitldit.y 8(4.
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OPIMATION VWSLE -Yankee

PPGz time G14r Sponsor: IASL
DNIAT1: 5 ICY3954 4 May 1954
FIR;~: 0610 1810 SITH: PPG - Bid ni vi near Dog &

Fox

12.0 39' 56" .N
TOTAL YIELD: 13.5 If60 3t1"F

Site elevation: Sea level

MEIGHIT OF BURS3T: 7 ft

CLOUDl TOP HEIGHT: 110,,000 ft MST,
A. YPEOF URS ANPLCEMNT:CLOUD PAITOM HEIG]I': 61.,300 ft MSSL

Surface burst from barge on water

RB2M4RKS:

The individual island dose rates were computed from the P+l day
aerial-survey readings of the Radiological Safe~y organization. The
various readines were corrected to H+1 hour~using the t-"2 re-

Pol lationship, and extrapolated to 3 ft above the surface, using the aira-to-
ground conversion factors determined later for the REDWING Flathead shot
102. The Fox, George, Nan, Oboe, Uncle and William readings were taken
at ground level. All other readings were obtained by aerial survey.
The off-site fallout pattern was documented for the first; time by a
comibined water-surface reading, aerial survey, and water-sampling' operation.
The dose-rate readings were extrapolated to 11+1 hour by using actual

decay rates.
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Figure 54. Operation CA-.T. - Yankee.

Off-site dose .mto contour-s in• r/hr at )1+1 htour.
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TAMLE 16 }.1XKIR WIND fATA FOR OPT'ATTON CASTI.]. - YANK X:

A]titude 1-11ho01" 11+3 hours 1H46 hours I" hourn
(q)Died Div Speed D)ir Speed Dir 93ped d

feet degreeo mph degrv.;e mph decrees mph degrees mph

Surface 080" 28 050 18 01, 20 020 15
I,000 070 26 -- -- --

4 2,000 080 29 070 29 090 2-6 080 22
3,000 080 .28 ... ....- --- --

h4,000 080 26 070 25 110 30 090 23
5,000 (080) (25) (o8o) (2h) (no) (29) (090) (20)
6,000 070 23 o0() 23 110 29 090 18
7,000 070 21 ... . ...- --- --

8,ooo C70 13 040 13 090 24 110 12
S9,000 OhO 07 --..... ..... ...

10,000 020 06 320 02 080 17 140 10S12,000 0O10 o6 2'90 02 060 O8 180 0714,ooo 34o o6 350 09 110 03 210 05

15,000 (330) (1o) (2W) (08) (200) (06) (220) (06)
16,OOO 320 15 AO 7 L-9,0 08 230 06
18,ooo 280 10 330 13 290 14 240 12
20,000 290 16 260 10 280 12 260 10
25,000 230 26 250 )40 280 36 250 32
30,000 220 39 240 18 280 33 260 h2
35,000 --.-- 26o 16 280 31 2(0 66
14 0, ooo) --- 26o 19 28o P9 260 57
145,000) 280 64 280 46 2b0 25 280 14
50,000 250 5] --- .. 270 62 170 30
55,000 200 53 --- 260 33 140 37
6o, mO ... -- -- 140 46

NOTES:
1. Nivwolvrr. in parcntheses apr estim-ted values.
2. Wind d-;Lta was obLained on 1,c'ivI- the U. S. S. Curtiss.
3. Tropopauue height. was 55,(X00 ft. 93L,.
4. At 11-hour the -oa level wascute N1 .0i8.8 mb, the tempemtuiv

80.8'F, the dew point 75.O°F and thc e-,Intive humidity 84%.
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OPERIATION CASTLE - Nectar

PPG t Ime GMT Sponsor; WASJL
DATE~: lt May~ 195 1 MnýITjy

i: 0620 1820 •SITE: TG- Eniwetok-
Ivy Mike Crater

110 4uO' l4" N
6° 1u' k7" FTtAL YIELD: 1.69 Mt Site elevation: Sea level

M{IGHIT OF BURST: 7 ft

CIOUD TOP IIEI.IT: 71,000 ft M.T,
CLOUD BOWTOM IDaIGHT: 40,500 ft MSL

TYPE OF BURST AND PLMCM4ENT:
Surface burst from barge on water

Ri 1•RKS:

The on-site fallout pattern was drawn from Radiological Safety
orgunization data and by converting the rcadings obtained from fall-
out samples to equivalent dose-rate readings over laud. Since the
fallout went in a northerly direction from ground zero very few of the
colfct.lnG stntions received significant fallout. The fallout Col-
letted wns primirily upwind fallout. Aerial survey was used for meas-
urewisits north of tLh, atull, and two tugs gathered water samples through-
out the fallout area. Anilysec of the water samples, coulltnted with an
estinate of the depth of mixing, served to determine the land-equivalent

j - exposure rate at a number of points. The aerial survey served to fill
41 in the contours;.
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TABLE. 17 r.EWWj-,,PK WiND TATA FOri OPIA'Ji.ON CASTLE - NM.CTAR

Altitude }I-hour 11+3 hours_ ...._}9 hours
Mwa., Dir Speed Dir Sp,.ed Di.r Speed

feet derrees mph degrees mph degrCes mph
Surface 090 22 070 23 090 23

1, 000 090 24 --- ..-- --

2,000O100 20 110 24 100 20
3,000 110 22 --- -- ---
4,ooo 110 22 110 20 140 16
5,000 (110) .(18) (100) (16) (150) (16)
6,0OO 110 i6 100 14 160 17
7,000 100 14 ---.. .....
8, OOO i00 12 120 13 160 16
9,000 10 13 -- .-- --

10,000 110 16 130 16 570 16
12,000 120 20 140 12 190 20
11,t0OO 110 21 120 16 200 ?2.
15,000 (12O) (17) (120) (18) (0o0) (18)
16,oco 130 14 120 18 200 17
i8,ooo 14o 14 200 08 190 17
20 000 130 09 150 21 190 15

25,000 190 07 210 o6 Calm Cu im
30,000 230 19 200 14 Ctilm Calm
35,000 210 10 210 29 180 16
40, 000 210 29 210 31 18o 10
45,000 230 37 240 2h Ca lm Calm
50,000 280 40 .80 27 Calm Calm
55,000 290 44 310 30 230 14
6o,0ooo ---. 240 18

NOMS:
I. Numbers in parentheses are e-itimated values.
2. Wind dnta was obtained by the weather stat-iou on

Eniwetok Island.
3. Trcopause height was 56,000 ft MSL.
h. At Il-hour the sea level pressure was 1006.4 rnb, the temperature

80PF, the dcew point 750 F and the relative humidity 85%.
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SCALE
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Rise rate' 5000 ft/hr
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OPIN4TION WIGWAM

T F I.9Y1 iCy1i Sponsor: DOD
2M[AT]._ : 17 May :1955 14J Nky l1955

ZTMI,: 1300 2000 SITE: Pacific Ocean 400 miles
Southwest of San Diego
280 44' N

1260 16' W
TOTA, YIELD: 30 kt Site elevation: Sea level

IHRIGIP OF BURST: 2000 ft under-
FIREBAIJN, ATA: water depth 16,000 ft

Time to lst minimum: NM
Time to 2nd mnixmum: NM TYPE OF BURIST AND PIACEMPNT:
Radius at 2nd maximum: MA Subsurface burst - Device

suspended by cable from barge

SPRAY DOME ID;,IGJIT: 880 ft msiL
FJRST PLUME UIIGIIT: l,45O ft MSL

"'Elie contours given (for H+1.4 hour) were computed on the basis of
surface and subsurface water samples and are reproduced here uncorrected.
They do riot represent fallout activity deposited on the surface. The
activity was mixed throughout a surface zone whose depth remained roughly
constant for the first two days. This contaminated zone resulted from
debris thrown out locally during the surface events or from upwelling
of contaminated water from below.i. The downwind airborne radioactivity
varied with the base surge and yielded very little if any residual
fallout." At 11+19 minutes the contaminated water area
was about 5.3 mi0• The area was contaminated in an irregular manner,
the peak intensities being approximately three times the average intensity
of 25 to 30 r/hr, 3 ft above the surface. The area circumscribed by a
50 mr/hr isointensity contour increased to 7.5 mi2 at 1+1.4 hr. At 11+4.2
hr it had decreased to 3.5 mis. Measurements of water samples indicated
a radioactive decay exponent
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Figure 61. Operation WIGWAM. Off-site dose rate contours
in r/hr at H+1.4 hours.
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Figuire 62. Plume Height Dimensions: Operation WIGWAM.
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OPrEATION REDWING - JmCrotua

PPG Time GMT ',Sponsor: LASL
DA•TE: 5 KHy 1956 4 May 1956
ETIM: 0625 1825 SITE: PPG - Pniwetok - Yvonne

-110 33 28" N
162P 21' 18" E

TOTAL YIELD: 40 kt Site elevatlon: Sea Level

IEIIGHT OF BURJT: 17 ft
FIREBALL IATA:

STn-c to ist minimim: 18 to 34 Insec TYPE OF BURST AND PIACMENT:
Time to 2nd maximum: 1.90 to 254 moec Surface burst from platform on
Radius at 2nd maximum: 872.5 ft, coral soil

CRATFE DATA: CLOUD TOP 1HIG.T:
Diameter: 404 ft _ ,0 _7T, (Ref I05)

"opth: 44 ft 40,000 ft MSL (Betf i-)
Lip: 15 ft

CLOUD BOT M M};IGHI:
22,000 ft MSL (Ftf 105)
1.3,000 ft MITL (Ret 112)

RM24ARKS:

The dose-rates shown for the islands of the atoll c.e bused upon
ground and aerial surveys mnde by the lbdiological Safety organization
and by Project 2.65. The dose-rate readings in the immediate environment
of the crater were calculated from survey readings at low tide on D+1
day and D+2 days, after the reef around the crater had been flushed by
at least two high tides. The measured field gamma decay exponent

was used to extrapolate the readings to 11+1 hour. The one reazlinn
which gave an 11+1 hour dose rate of 57,000 r/hr was uniquely high znd
may have been due to one of the extremely radioactive, partially fused,
pieces of metal scattered about near the crater.
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-Tropopouse Height Cloud Topileight,,_€ _ 3000 ft. 36 ,000l

0 --

T lo't Cloud Bottom No.tS22010000 ftt

3-j / .. c~o°•oi°.,., 22, 0 o"------ .
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l• 4 6 E 14
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Figure 67 . Cloud Dimensions: Operation RED71N.; - Lqcrosse.
iaymeter-curvc 1 represents the diametfr of the main

cloud; curve 2 refers to a portion of the cloud which

resulted from a shear at 8 minutes; curve 3 represents

the average diameter of two clouds which resulted from

a shear of the second cloud at 15 minutes.
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TABLE 18 ENIWFffOh" WIND ATA FOR OPMATION I.MIMING- LACROSSE

A]ltitude - ]-hour• 12-hour.,i 11";7-liokirs J14+•!2 hour-,
(W•7L) . Dir Sp~eed Dir S- -ed M•r Sp~eed .D!r 1. . ::•erxd

ifeet degrees mph degrees mph degrees mph degrees mph

*Surface 070 17 090 15 090 14 090 14
1 ,0ooo .00 28 090 23 090 18 080 18
2,000 210 28 110 211 090 24 090 22
3,000 110 28 110 26 110 29 100 29
4,000 110 29 110 26 110 31 100 31
5,000 110 33 110 29 110 29 100 32
6,000 100 34 110 28 110 :3 110 30
7,000 100 32 110 28 110 33 110 26
8,000 090 26 110 31 110 31 110 23
9,000 090 23 100 33 110 31 120 23

10,000 100 23 100 33 110 26 120 22
12,000 100 13 100 22 100 17 120 20
14,000 110 06 090 07 050 02 120 09
15,000 (180) (06) (020) (07) (020) (02) (040) (08)
16,000 250 05 320 07 350 03 320 07
18,000 230 05 26o 07 270 05 250 C-
20,000 240 15 250 17 270 17 21o 09
25,o000 P6o 28 26o 31 260 30 260 32
30,000 240 43 250 47 240 51 250 47
35,000 260 60 260 55 260 60 260 69
40,000 260 69 250 71 26o 68 260 73
45,000 240 58 250 74 260 71 260 75
50,000 24-0 70 240 71 250 69 240 64
55,000 280 33 250 44 270 32 29o 36
60,000 130 09 150 08 180 06 190 13
65,000 130 15 210 05 170 07 140 07
70,000 080 12 09o 06 090 13 080 12
75,000 110 32 090 25 110 38 0o0 37
80,000 090 48 110 47 110 51 100 49
85,000 ioo 64 090 64 090 62 090 56
90,000 100 72 110 69 100 71 100 61
94,ooo 100 65 ........
95,000 -- 100 64 100 57 100 62
98,000o ... ....-- -- 100 63

100,000 --- 100 65 100 63 --.--
102,000 ---. .. .-- 100 63 ---
105,000--- 100 67 ---...
106,000 .. 100 67 ---

NOTES:
1 . Nu', hero in parentheses are estimated values.
2. T-..popause height was 52,300 ft MSL. (Rei'erence 149).

m !• 3. Wind data was obtained 'by the weather station on Eniwetok Island.4. At the curface the air pressure was 141.62 psi, the temperature 27.2 0C,

the dew point 25.0°C, and the relative humidity 8)1%.
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0PJATI0N HEDWING-Cleuo

I'M, time ___Spnsr:___31

IATE: -?I14iy15 OL 15
TIMk: 0551 1751 SIE PPG -Bikini. - 1600 f

of Charlie
3.04o' o6" N'I

1650 23' 39"1 E
Site elevation: Sea level

H miG1 OF BUR~ST: 4,350 + 150 ft

TYPEC OF BURST AN~D PAC34EIUI:
Air burst over water

C~1,0OUD TOP~ HRIGHV:. - 94,000 ft.-ML b
CLO U D BOITXM IP!WIGJIT: hh'ooo f-t maL

No fal~lout was o'bserved on the islands. Very 'I. [ght fal2.omr wris
observed North of' GZ. Gamma dose-rate readings on Charlie wez-e at
backg•round I-evels.
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TABLE 19 BIKINI WIND) IATA FOR OVEIAT10N REIMdUG -C~TV0KEE

Altitude hi-n1tr 11+3 hours 1146 hours -

(MS,) Dir Speed Dir Speed Dir Speed
- feet degrees mph degrees mph degrees mph

Surface 090 06 120 18 1_0 17
1,000 100 20 090 18 090 22
2,000 090 23 100 18 100 25
3,ooo 090 23 110 23 100 26
4,000 (o90 24 110 24 100 26

5,ooo 090 21 110 22 100 22
6,000 090 16 110 17 090 21

,0oo0 090 16 110 17 090 23""8,oo 090 15 0oo 18 090 22
9,000 100 13 100 15 090 17

10,000 120 13 090 is 120 13
12.000 120 14 110 17 120 1614,o00 140 16 130 18 110 15
15,000 (140) (16) (14o) (r1) (130) (15)
16,000 140 17 150 17 150 15
18,000 120 17 160 16 170 22
20,000 14o 21 170 15 150 15
2•5,000 150 10 090 20 160 20
30,000 140 07 150 14 150 10
35,000 26o0 07 220 12 220 09

oo000 230 J.7 250 -3 230 25
45,000 240 A8 250 37 250 38
50,000 250 37 250 39 240 25
55,oo0 210 01 180 07 230 14
60,000 100 20 100 12 150 09
65,000 030 23 090 30 090 23
70,000 100 25 090 40 090 31
75,000 090 55 090 45 080 53
78,o000 --- -- -- O8 60
80,0oo 090 58 090 53 ..
85,000 080 63 090 35 ---
87,000 .. 090 39 ... ..
90,000 080 70 ...-- -.

95,000 090 ---..
"100,000 090 93 -.--..

•i ~NOT_.M

"1. Numbers in parentheses are estimated valueo.
2. Tropopause height was 52,500 ft MSL.
3. Wind data was obtained on board the U. S. S. Curtiss.4. At H-hour the sea leve-l pressure was 1009.0 mb, the temperatureki• 810 F, the. dew point 73 F, and the relative humidity 704.
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Figure 70 • llodographs for Operation RE114ING - Cherokee.,
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OPIA.ATION RI"DWAING - Zuni

PPG Time GMT Sponsor: UCRI.,
DATE: 28 Maiy l96 27 MAY i96
TIME': 0556 1756 SITE: PPO - Bikini - TareS1.11) '91 h1b" N

165(l -2' 09" R
TOTi'AL YIElD: 3.5 mt Site elt:vation: S,- Level

,.HEIIGHT9 OF BMIST: 9 ft

FIRED%].J, JITAM:
Time to 1stL minimum: 160 -1 184 msec
Time to 2nd maximum: 1.705 + 2.15 seeSlHadius at 2nd maximum: 5,,248 ft, T~P E 01 ]Mb.g'T ANqD I ;MC1'•15,•

i S~urface burA• from. p]_atform

CRN•TI-2 DATA: Diameter: 2,310 ft on coral soil and over waterDe~pth: 103 ft
Lip: No apparent lip CLOUD TOP ____:_IG}: 79,000 ft __L

CLOUD BO']i-OMI I[PIIGr]: )ig,000 I'l M::L

Rl1AT4K(S:

The on-sl.te fallout pattern was drawn from is;laild rcadln-,:s taken by
scientific project 2.65 supplemented by fallout L•,,ple coilection on
rafts and barges in the lag(oon. The irkasured field decay expom,:rtlt

was used to extrapolate the dose-rate reading, to 11•m 1 hour. It
was obuerved that Lhe water adjacent to the bE:ichcic of' the northern
islands of the atoei was gene.ally much morm highly contatiiinat.ed than
the islands.

"The off-site fal~out pattern was drawn from oc.anographic surveys.
The oceanographic surveys used detector probes for tmwasurinj; the done-
rate at the sur['ace, plus the allied equipment w.cruessary for 1zrasuring,
the do'se-rate at dIpths to and below the thermocline (water-,iiampling
equipment for the takLn(g of surface stmple.; aod for the colectioln of
samples from any desired (]epth). 'I'he dose-i-iLe readings were extrapolated
to I-'li hour b1 usiing the docay mca;,urce.Ients of tht' sa cole:• collected.

The portion Co' fallout that penctrat(-d below the tirmoelin s itnknwn.
Rather than attt'mpt. to estimite the p]rce!nt.atge, ith( rc'sul.t:i for the
done iuten assime no pene L.ratic.'n beyuid the deiptlh c." mlixin:.
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TABLE 20 BIKINI WIND MAIA FOR OPIJ{AT1.ON jID)WI jNo- YIUNI

Altitude 1-h hourz-, 1[-houtr•". +ý hour:- 11+6 hcoun,
(99LL2  Dir S3p, dc DI r ~p~d Dir Spcwd ~r Sp, td
feet derrot*t mph degre, h mph defes mph derees mph

Surface 070 2,1? 050 22 060 30 090 2;
3,000 090 26 080 26 060 26 070 28
2,000 090 24 070 25 060 26 o80 35
3,)000 090 2h 070 08 070 30 090 31
4,000 090 2_ 090 28 07e 31 IO1 30
5,000 080 26 090 24 090 29 100 28
6, o00 080 23 100 22 090 29 100 30
7,000 00 23 100 22 o00 23 100 31
8,000 080 24 100 22 1],20 23 090 29
9,000 090 2h 100 22 110 24 100 30

1.0,000 090 24 100 P3 Ul1) 22 100 30
12,000 100 22p 090 24 OW0 17 090 P6
1)1,000 080 17 090 17 080 16 0901500 -o-.. . (1,0o) (15) (080) (15) (090) (4
16,ooo 110 15 .10 12 0e0 14 090 P5
18,000 110 17 100 1.2 090 13 090 37
20,000 110 1V 140 12 110 10 090 17
25,000 170 18 160 18 170 20 260 02
30,000 240 26 .v1'o 14 1.0 18 18o 13
35,000 250 36 220 29 200 35 230 jl
40,000 ""6O 34 P_20 46 2MO 50 260 Wo
45,000 230 5, 210 4e 220 4J3 230 61
50,000 2 40 37 240 29 250 31 24o 32
51,000 ..... .. 250 29 .... .
55,OOO 220 26 240 3 250 21 240
6o,ooo 06o 18 080 17 090 16 oco 22
65,000 09o 28 090 30 090 31 090 32
70,000 0o0 32 090 30 09o 37 090 30
75,000 080 44 090 4o 090 38 090 35
77,000 -- - --- --- 100
80,000 100 47 100 48 300 48 - - .
85,000 090 51 100 48 1oo h6 ---
86,0oO ---.. 100 43 ..
9c, 000 090 52 100 148 ---..

NOTIES:

1. Nunibers in preintheses 52re estiLw.ttd values

•/3. Wind data was obtainod on, board the U. S. 'S. Currishn.
4. 11-hour data for altitudes, over 51,000 f't were dutermlied by inter-i

•, polktill from, rtan-•ments taken bt~ween 11-4 and 11-1-3 hours.K, • 5. At 11-hour the seu level pressure was 1010.5 mb, the temperature8).P,, the dew point 760° and the rel y~vc huinidity 801A.
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TA,^T: 20 WIND 1aTA FOR0111 oPlATIon MOVING- z7M4 (COMPD)

.. . . .. B ý I rl B u ngifo-~ r i k I

Altitude 11+9 hour 11+5. hours 114i2 hr;
(M.L) DI•] r Svl'kod Dir Speed Dir .2peed
feet degrves mph degrces mph deerves mph

Surr CO 080 pl 090 23 070 15
1,000 090 ,:3 080 2h 080 24
2,000 100 31 080 23 080
3,000 ]00 31 090 20 080 21
4,OOO 100 28 090 18 080 16
5,000 100 29 090 18 080 13

6,000 100 25 090 20 090 12
7,000 100 26 100 21 090 12
8,000 100 31 100 21. 090 14
9,000 090 30 090 21 090 14

1.0,000 090 26 100 21 090 12
]2,000 100 25 100 22 090 14
]C,0oo 080 31 090 21 100 12
1:,oCo (o8o) (P6) (09O) (18) (0oo) (14)
16,OOO 070 22 090 17 090 18
18,000 090 18 100 P24 090 24
20,00) 07(0 Lh 090 23 080 21
25,000 050 25 070 20 060 23
30,000 230 21 200 13 020 26
35,000 230 31 200 13 220 15
40,000 210 h6 210 26 230 24
45,000 220 47 220 38 230 28
50,000 250 31 230 32 310 25
53,000 --.-- 240 31 .....
55,000 290 16 ... 010 07
6,0ooo 110 23 v. 150 14
65,000 090 26 .. 090 24
70,000 090 31 .. 8o0 23
75,000 090 37 --- 090 40
80,000 090 36 .. 080 117
85,000 090 44 .. 090 52
90o,00 090 56 --- 080 56
95,000 100 65 --- 080 69
96,000 100 65 ---..
99,000 ..... 080 81

I. Number.:, in p•rCnth-.Oses are estimated Values.
2. Wind ohts for 11+9 hours *tnd 1+15 hours were obtained on

11xci•"d the U. S. '. Cui'Liss. Wind data for 11+2 h. was
obtubC'd by w,',tjthr #.t.atlo:n ý,, T•i:wetok I.sland (Ro:crik Atoll).
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a,.

9 'IYMB1a,8 20 RONGW~X WIND JATA FOR 0I'MIk'ION RUMWINt- VnZt (Conta)

Altitude l,+L(' hours 11+33 hwurv IH19 hour";
(MSL) WI r vDU0d I.ir pcd Di rd
ir'ect dercv-; mph degreeLs m1ph dgrrc(3 mph

Surfaice 090 18 090 10 070 1.8
S1,00r0 080 21. 080 16 070 P3

2,000 080 22 070 17 070 25
3,000 080 721 07 16 070 29
40ooo 080 18 080 13 070 22
5,OOO 080 16 100 09 070 12
6,ooo 070 14 090 06 080 07
7,X00 080 .3 080 06 080 07
"08,00 090 13 090 08 070 07
9,000 090 13 090 10 080 01(

S10,000 090 13 08o 13 080 10
12,000 080 12 060 13 090 12
14h0OO i10 08 o6o 13 060 _14

S15,0co (o90) (13) (080) (12) (060) (.5.)
"16,joo 070 17 090 10 060 17
18,000 090 17 090 12 O4O 06
20,000 070 15 080 07 030 12

25,000 060 22 080 22 090 14
30,000 050 24 070 22 050 13
35,000 330 08 330 17 310 18
4o,ooo 190 10 200 16 180 21
45,000 230 10 190 06 290 09
50,000 230 14 320 17 270 08
55,000 180 14 200 09 220 17
6o,ooo 110 16 360 05 080 17
65),0O 090 22 100 15 090 23
70,000 080 29 040 08 080 26
75 ,000 100 38 100 32 080 38
80,000 090 36 090 hi 080
85,0oo 090 55 090 56 100 5r
90,000 090 60 090 61 090 6r
92,000 ---.-- --- 080 75
95,000 090 7469 0..
100,000 090 81 090 81 ---
105,000 090 o4 080 89 ---
110,0000 090 69 080 102 ---
Mll, oo 090 69 080 102 ..

S~~NOTES:.__.
1. Numbers in purenthes - •reentinatcd values.
2. Wi.ndd data waa obtained by the weather station w Enivotok

SIs-*n1 Onwerik Atoll
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OPIflATION RBDWING: Yuma

PPM time GMT Sponsor: UCRL
JATE: 28 Kay 1956 27 Maxy 1956
T-M: 0756 1956 SITE: PPG - Eniwetok - Sally

"110 30' 33" N
162e 18' 55" E

Site elevation: Sea Level

tlEIGI1T OF BURST: . 205 ft

CLOUD TOP IHEIGHT: 8,000 ft MSL
CLOUD BDOITTM IMIGhr: 1,000 ft 14-L

TYPE OP BURST AND PIAC]2ENT:
Tower burst over coral soil

REMAIKS:

Only island dose rate readings are available. These were taken
from the aerial and ground surveys mde by the Radiological Safety
organization. The t 1 '2 decay approximation was used to extinpolate
the dose rate readings to 11+1 hour. Significant amounts of alpha
(plutonium) contamination wcrc found on the shot island.

120
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TABLE 21 PNIWF7,I( WIM) JIXTA F OR 0'U'•WffION RE1DWJ NG -YUM

Altitude I1-2 hour:; 11 hour I1+1 hours 11+7 hours
(MST,) Dir Speed Dir Speed DI r Sped Dir Speed
feet degrees mph degrees mph degrees mph degrees mph

Surface 080 21 080 21 090 17 090 14
1,000 080 24 090 33 090 P6 090 26
2,000 080 31 090 33 .00 33 090 30
3,000 080 35 090 35 100 38 100 33
ho0o0 080 35 090 36 100 45 100 36
5,000 080 32 090 33 100 36 110 30
6,000 090 28 080 33 100 35 120 28
7,000 090 28 08o 36 o90 30 1i0 30
8,000 090 29 080 38 090 37 110 35
9,000 090 30 080 37 090 39 110 36

10,000 090 30 080 31 090 43 120 35
12,000 090 25 080 24 090 40 100 32
14,ooo 110 23 090 15 090 ill 090 28

* 16,000 1140 22 140 16 110 16 100 14
18,000 140 17 1.50 14 120 18 120 15
20,000 180 05 100 12 100 14 J.00 12
25,000 170 26 160 21 180 12 270 08
30,000 260 21 190 22 160 21 220 23
35,000 230 35 220 35 190 41 220 47
40,000 220 55 210 44 200 55 200 52
45,000 --- -- 230 51 2O4 35 230 40
50,000 --.- 270 45 250 32 230 24
55,000 --- 210 29 240 38 240 28
6o,ooo o660 14 06o 10 10 15
65,000 C80 37 100 39 100 32
70,000 --- 110 38 100 38 100 31
75,000 --- 0o9 37 100 40 090 37
8ooo0 100 47 100 39 100 45
85,ooo --- -- 00 7 090 53 100 54
90,000 11.0 60 100 55 100 60
95,000 100 68 090 67 100 71
96,000 --- -- 100 85 .. .--
100,000 --- -- 0 89 --- -- 100 68
102,000 -- 100 92 ...--- --

NOTES:

1. Tropopause height wat 55,500 ft MSL.
2. Wind data was obtained by the weather station on Eniwetok Island.
3. H hour values were interpolated from data talon at 11-2 hours and

71+1. hour.
4. At the surface the air pressure wari 1h.614 psi, the temperature

27.5 0 C, the dew point 23.90c and the relative hxiimidity 80%.
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OPMTTON TEDWING - Erie

PPG Time GrT Sponsor: IA'SL
fl'•TE: 31 May 3.956 30 May 1956
_[TIvI- : 0615 1815 SITE: PIG - Dniwetok - Yvonne

110 32, 4•o" N

1620 21' 52" E
Site elevation: Sea level

HEIG11T OF BURST: 300 ft

TOWM OF BUMTST AND PIACMI4EN:

Tower burst over coral soil

CLOTD TOP IEIGHIT: 32,000 ft MSL
CLOUD BOTPOM HTEIGHT: 10,000 ft MSL

R•1RKS"

Only island dose-rdte readings are available. These were obtained
from aerial end ground surveys made by the Radiological Safety
c'ganization at 11+4 hours. The t 1  decay approximation was used
to extmipolate the dose-rate readings to H+1 hour. Islands north of
Yvonne in the atoll were only slightly contaminated.
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TABI2,' 22 EiWE'T'OK Wi UD IrATA FOR OPI-ATION REDWING- ME

Altitude 1.hour JI+ hourn, 11+0 hour.;
•(1-L) Dir Speed Dir Speed Dir Speed
feet degrees mph deerees mph degrecs mplh

Surface 100 16 130 16 090 12
1,000 100 28 IO0 PO 090 232,000 i00 28 100 21 090 23
3,000 100 23 100 22 090 224.,000 leo 21. leo 22 090 20
5,000 090 20 100 18 090 16
6,ooo 090 16 100 12 100 17
7,000 080 10 110 07 i00 l6
8,000 100 08 110 06 100 16
9,000 100 17 090 07 110 16
10,000 080 05 090 08 120 14
12,000 100 06 100 06 120 05
14,000 090 09 090 07 120 09
15,000 (080) (10) (090) (09) (100) (07)
16,000 080 10 090 13 080 06
.8,ooo 070 14 090 13 080 12

20,000 36o 07 110 07 080 07
25,000 26o 15 200 20 280 09
30,000 250 22 250 24 230 17
35, 000 240 h4 270 28 240 30
4o,ooo 280 37 270 41 280 38
45,000 280 36 270 40 260 38
50,000 260 38 250 41 ?4o 39
55,000 3o20 18 300 12 270 24
60,0OO 080 12 090 ].3 14o 07
65,000 090 26 080 24 080 24
70,000 100 33 110 32 110 32
75,000 100 40 100 44 100 44
80,000 100 72 090 68 120 62
85,000 090 79 090 98 120 72
90,000 090 74 110 83. 100 78
94,000 090 77 ---.-- ---

95,000 -- -- 100 100 8o
96,000 .. 100 78 ---

1.00,000 -... . 120 88
102,000 ---.. 120 93

NOT)-",,':
I. Numbero. in pare nthese.' are estimated values.
2. Tropopa'me height was 54,100 ft M'BI. (Reference l.49).

£3 Wind data was obtained by tie weather station on Eiwetok Island4',I. At If-hour the sva level prssuiv was• 1009.1 rob, the temperature

80. 30F, t),,: dow point 73 .50P)' anti the relat~lye himildity 80.2%.
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Figure 79 . Hodographs for Operation REDWING - ,rie.
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OPEBaTTON REDWING - - Seminolc

rrP time GMT' Sponsor: JASL
DXTE: 6 June 1956 6 Juneor JASL
TIME: 1.255 0055 SITE: PPG - Eniwetok - Irene

110 h40' 35" N

162° 13' 02" E

]EIGll2 OF BUR-1T: 4.5 ft

TYPE OF BURST AND PIAC1M•ITT:
Surface burst in water tank
over coral soil

CLOUD TOP HiE.GlIT: 16,000 ft MSL
CLOUD BOTTOM }U3,IGHT: 9,000 ft YISL

Only island dose-rate readingts are available. These were obtained
from aerial and ground surveys made by the Radiological Safety
orgeniyation. The t-1'* decay approxinution was used to extrapolate
the dose-rate readings to 11+). hour.
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TsNME~ 23 IEi W10fK Wi ND DTA FORl 0P111TATION ITW~INO- S3114ThLIC

AltiLtude 11-1. hour li-hour 11+2 how r I11+5 hour

fet egee mh degrecs inrh dogeL' 1o. iph deprees mph

S~urface 10 110 2 090 09 080 1ei
1j,000 090 16 090 15 080 1A 070 20
2j00090 16 090 17 090 20 070 '20

9,000u 90 1 090 13 090 13 100 20n o

10,000 090 14 090 174 080 17 90 0
12,000 00 1 090 12 080 1047 08 10 06

14,000 1090 105 1090 06 100 09 080 02
86,000 100 105 110 06 12 100 08 Cam al

18,000 110 02 110 03 lo) 10 08 am Cl
20000 040 18 060 09 090 10110 0

125,000 030 09 110 13 060 21 100 07
30,000 250 04 250 17 240 23 24o 04
35,000 2512020) 236 2300) (03 2C0 1 1n(am
40,000o 240 205 00 20 230 21 230m 16l

50,000 260 18 260 203 10 05 Ca 1m 13l
55.,000 360 05 340 09 300 10 290 09
60,000 090 2.3 180 123 060 210 240 05

65,ý000 090 26 100 26 110 23 210 237

45,,000 090 67 090 3260 100 610 100
80,000 090) 63 090 63 0970 76 10 64
85,000 100 75 100 05 090 79 100 74
90,000 100 77 100 79 090 84 090 71

93,000 09 63 - -- 090 84 090 71 00 6

95,000CK 100 75 100 80 090 79 10-7

100,000 100 681 100 680 -- - ~-

NOTES:j1. Numbhers In parentheses aire est~imated values.K2. Tropopautse height was 5,2',200 ft J4SL. (R~eference 1149).
3. Wind data was obtained by the weather uitaticwi on Eniwetok Island.
h. li-hour values were interpolated from duta tukon at 11-1 )lour and

11+2 hours.
5. At, thc surrace the air piv::;nuru was 14.60# pni, the. tompenutiire

30.5 0C,' the de!w point 231.700 ivd the relativc humidity '(I%.

130



47552.5

r
4 2. WEI•

225ia~3 ?.52

77

2.5 12.5 5 s SCAL

S~0 20 40
•, *4+2

Rise fete: 5000tft/br

4725 St.

12.42.6
r42,11

N+5

SFIguze 81.• Icodographo f~or Operation IE17vJI• - Semilnole.

S131

LL2.2.



I
I
I.

OPINNTI3O'\ RNJW]tU - FICthcad
rI; TI m o~fr 'p , 1~TJ fý KI'Spnor.u LII•L

D'ATE: 3.2 Jun 19.1.. 11 Jun 1956
TIM.: o62;6 1826 SIT'.E%: ITO - ikid - 5,000 ft Lsouth

or 1)o{,
110 36' 00" N

1650 05' 05" E
Site elevaltion: 'ka Level

MEIGHT OF BRlST: 15 .j

TYPE OF BM,,,T AND I]ACM*"NT:
8urfice bur-t from barge on
water; centcr ('f gravity
approx. 15 ft above surface
of water; water dcpth 114 ft

CLOUD TOP IU,',IGh•T: 65,100 ft IASL
CLOUD ]3YFOMD IU:IGIrM: 38,600 rt MSL

IRh3NABS:

The on-site fallout pattern was drawn from island readings taken
by scientific projects suppl.emeznted by fallout sample collection on
rafts and barges in the lagoon. AcLua] fie]d decay meusurer*rlts, which
indicatel a decay exponent were used to extrapolate the
dos•e-rate readings to 11+1 hour.

The off-site fallout pattern was drawn from oceanographic surveys.
The oceanographic suzveys used detectox probes for rmasur-ing the dose-
rate at depths to and below the thermocline. Water-sampling: equipment
was used for the taking of surface samples and for the collection of
samples froin any desired depth. The doc:e-rate r'adirgs werv exrapolatvd
to 11+1 hour by using the decay measurements of the samples .',ollected.
Very little oC the fallout should have beer associated with solid
particles large enough to penetrate below the thcrmoinrie.
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Figure 82. Operation REDWING - Flathead. On-site dose
rate contours in r/hr at 1I+l hour.
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Figure 83 Operation PEDhWING - F' athead.
Off-~site dose rate contolurs in r/hr at H+.i houxr.
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TA13LE 24 BIKINI WIND WATA M1R OPPATION REgDING- FLATIEkD

Altitud H hours IT-hou1r 1+ 'or .t3' o ~ +/o r
(mm1,) Dir _Sped Dir Speed Dir 2ee D.Lr e(1.Lrd D r Speed
feet degrees Uih degrues mh degrees mph degrees mph degrees mph

, Surface 080 18 080 22 080 24 060 2.1 050 151,000 060 17 o'(o 21 070 23 060 2U 050 22 .
2,000 070 14 080 17 080 20 070 20 050 21
3,000 080 14 090 15 090 15 070 18 06o 24
4,ooo 080 16 090 14 100 13 070 18 070 15

S5,o000 090 17 100 15 100 13 070 18 080 16
6,000 090 15 100 14 100 14 0-(&) 16 080 15 I
7,000 090 14 090 14 090 4 06o 09 oqo 14 *
8,000 080 12 090 10 090 10 06o 08 090 09
9,000 080 10 090 09 100 08 090 07 060 o6lO,000 09o 09 100 08 100 07 050 o6 0-50 05 :12,000 090 08 090 07 090 05 090 08 100 06

14,OO0 110 03 120 05 13C 06 Calm Calm Calm Calz
16,OOO 020 0 2 1lO o6 160 08 080 03 170 05 <i

18,000 110 06 130 10 150 14 100 06 070 04
20,000 160 09 16o 12 16o 13 150 07 180 07
25,000 050 l4 120 17 170 ,0 170 J.4 180 12
30,000 210 12 200 17 200 21 200 15 200 16
35,ooo 4o 214 250 14 250 14 250 15 260 21
40,00 260 22 24o 21 230 21 24o 22 270 21
45,0ooo 220 22 230 21 24o 20 270 18 310 18
50,000 300 15 3110 15 :-60 15 330 14 030 15
55,000 070 14 090 17 100 20 070 21 100 20
60,000 090 28 090 28 --- . 100 23 090 16
65,000 100 28 100 28 --- .80 24 080 25
70,000 100 33 100 33 .. 090 40 080 37
75.,000 090 46 090 46 .... .. 080 46 080 57
8o,0ooo --- ... . ... . .. . 080 63 090 64
85,00 o,--)... . ... . ... . 090 64 080 68
90,00o ... . ... . ... . go9 54 080 59
91,000 ... .. ... .. ... .. ... .. 080 69
93,000 ... .. ... .. ... .. 090 56 ..

NOTES:
1-.' Tropopause height was 48,900 f',o MSL at 11-hour.
2. WinO, data was obtained on board the U. S. S. Curtiss.
3. 11-hour va.ues were interpolated from data taken at I-' hours and

11H+I3 hours.
At H-hour the sea level pressure was 103.2.9 mb, the tenperature 82.0°F,

• ! the dew point 76.O°F and the relative humidity 82.0%.
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O1H'rTINON REMDWING - Blackfoot

PPG Time GMT Sponsor: IASL
nXTE: .2 June 1956 1 June 1956
TIME.: 0626 1826 SITE: PPG - Eniwetok - Yvonne

110 33' Ob " N
1620 21' 31" E

Site elevattion: Sea level

REIJGIr OF BM:-.BX': 200 ft

TYPE OF BURST AND PIACJINT:

Tower burst over coral soil

CLOUD TOP ]JTFICI: 25,000 ft MISL
CLOUD BOlIM }mhIGiTI: 14,o00 ft MSL

RFEARKSI

Only izland dose-rate readings are available. These were obtained
from aerial and ground surveys made by the Radiological Safcty organi-
zation. The t- 13' decay approximation was used to extrapolate the
dose-rate readings to )1+l hour. Heavy contanination from this shot,
fired on central Yvonne, was limited primarily to the shot Island.
However, the photo tower on Mack was highhly contaminated from the
fallout.
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TABLE 25 1I4IWMIM-'0K WIND DTA FOR 01'AT]ON REDWING B3ACXFOOT

A1Vlttude 11-) h'ur JI+2-' hoijT,~ 11+5Lý hours 114-511 hoursS(M,) IDir '$peed ])ir" Speed Dir Speed Dir Speed

feet degrees mph degrees mph degrees mph degrees mph

Surface 090 14 130 14 110 15 050 14
i,000 090 1.4 010 08 080 3.8 080 18
2r,000 090 15 080 16 080 16 100 17
3,2000 100 24 090 05 090 16 080 08
14,000 100 18 100 15 090 16 080 02
5,000 100 15 i00 14 090 13 180 13
61, 0ro00 163 090 15 100 12 080 12
7,000 100 0.2 090 0 i00 12 080 12
8,000 00 12 090 13 100 13 100 13
9,1000 090 09 090 12 100 13 100 1335,00 280o 19 240 2 20 26 20o 14

40,00 2405)0 28920 23 2302
5,000 207 220 17 03 09 20 3

52,000 080 09 090 07 300 09 020 o8
5, 000 090 08 110 i0 100 09 100 09

15,000 (0o) (0) (loo) (10) (loo) (18) 2 (06)
16,0oo 090 09 090 12 n0 07 110 0718.,QOO 0110 16 080, 09 090 12 120O o6

-20,000 070 09 070 09 09c 10 100 13
25,000 090 30 120 21 180 .12 150 09
30,o000 050 08 080 o 040 123,oo 280. 14 24o 3 230 26 220 2-8
Ao 0000 40 35' 24o0 28 240 23 230 23
45,oo 24o 23 250 17 030 09 2Wo 23
50," 31C 22 010 13 090 16 020 12

53,000 ooo .. 030 20 090 .. 020 2355 ,ooo 09o 20 ---. -- o10 18 ---...
60.,000 120 26 --- . 100 20.. .

•65,0000 060 17 .. . 080 17 --- .
?0.,000 o90 36 ... 090 50 .. .
71,000 090 36 ... ..........

-,82,000 - -- -- 090 59 ..86,0o00 .. .. . 09o 59 .. .
•82,000 .. ... . 090 61 .. .

1. Numbers in Varentheses are estimated values.
.- Tropopause height was 52,500 ft MSL.

3. Wind data was obtained by the weather ,,tation on Eniwetok Island.
4. At 11-hou ... sea level. pressure was 1.012.5 rob, the temperature

81.1 0 F, J. Jew point 75.8 0 F and the relative humidity 8,.o%.
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OPrRA4ION REDWING Kickapoo

PPG Time ___

DATE: 14 June 1956 13 June 1956. Sponsor: UCRL

TIME: 1126 2326

SITE: PMG - Eniwetok - Sally
11? 30' 38" N

'162? 19' 1i" E
Site elevation: Sea Level

HEIGHT OF BURST: 300 ft

TYPE OF BURST AND PLACEMENT:
Tower burst over coral soil

CLOUD TOP HEIGHT: 16,000 ft IbNL
CLOUD BOTTOM HEIGHT: 11,000 ft MSL

REMARKS: Only island dose-rate readings are available. These were

obtained from aerial and ground surveys made by the Radiological Safety
Organization. The t- decay approximation was used to extrLpolate the

dose-rate rmadings to H+l hour. Heavy contamination was enziounLer-ed only

on Sally, the shot island. Significant alpha (plutonium) contamir.ation

was also found on the shot island.
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TA=LE 26 ENIWPATOK WIND DATA FOR OPERATION RE[DING KICKA1O

AJ.titude 11- hour h1 )our rl+ ru.~

, ((S) Dir s--qp _d Dir Spee Dir Speed
. feet degrees mph degrees mph degrecs mph

Surface 080 12 050 1% 080 12
',OOO 090 12 090 12 090 14
2,000 09 A4 090 14 090 14
3,000 090 17 090 17 100 14
4,000 090 16 100 15 090 13
5,000 100 14 100 13 090 10
6,0oo 120 12 120 12 070 08
7,000 100 07 120 12 08O 07
8, oo0 080 06 103 12 bo~ 07
9,000 060 09 100 12 070 08

10,00% 030 :.0 070 03 060 09
12,000 030 13 o4o 05 060 05
14,ooo 030 10 020 o7 050 05
15,000 (030) (08) (020) (09) (050) (06)
16,000 020 06 020 13 040 07
.18,ooo 020 12 020 09 o4o 12
20,O00 070 12 050 07 020 14
25,000 030 10 O04O 15 030 23
30,000 36o 09 350 17 010 15
35,000 350 12 350 18 O4O 15
4o,ooo 36o 20 020 18 030 15
45,000 350 22 020 24 34(; 23
50,000 340 24 250 26 350 2955,oo0o060 26 050 32 060 30
60,OO0 080 2.4 090 16 070 25
65,000 .00 31 110 37 100 39
70,000 090 46 090 51 090 51
75,000 090 77 100 61 100 56
80,000 100 74 100 69 090 65
81,0oo ... ..-- -- 090 65
85,000 100 71 090 79 --
90,000 090 83 090 80 ..
95,000 100 90 090 86 ..
98,000 100 90 --- Oil

1o,00 o00 ... ..- 090 6 ..100,000 --- 090 68 ...

NOTES:
1. Nwnbera in parentheses are estimated values.

F 2. Tropopause heichit wau 53,100 ft MSL.
3. Wind data was obtained by weather station on Eniwetok Island.
4. At the surface the air pressure was 14.65 psi, the temperature

?.9.E0C, the relative hiumidity 71%.
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F1
OPI•'ION ;DWING - Os;ugu

PPG T ime G•r

DATE: I= un 1956 16 Jtun Ici Sponsor: LASL
TIME : 1314 0114

SITE: PF3 - Eniwetok - Yvonne
110 3? ' 48" N

16', 21' 39" Er
Site elevation: Sea Level

HEIGIHT OW BURST: 670 - 35 ft

TYPE OF BURST AND PLACEr.1NT:
Air burst over coral soil -*

CLOUD TOP hEIGHT: 21,000 ft KSL
CLOUD BOTTOM HEIGIU: 1*,000 ft MLU

I

-i

REMARKS: No significant contwninatiýn was observed.
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TABLE 27 ENIWETOK WIND DATA FOR OPERAT1IN REDWING - 0MAGE

Altitude 11-• houri I1-hour ll÷'__llou _ 410E 1iours
(6L) ]Di r Speed Dir Speed Di r Sj-eed Dir Speud
:feet degrees 11rph degrees mph de.grees mr~p} derrecu• mph

Surface 150 14 150 1A 160 16 1W0 15
1,000 130 16 130 16 -- 160 12
S2,000 130 18 140 17 --- 190 .12
3,000 130 18 140 17 .. 190 12
4,000 1110 18 150 17 .. 193 09
5,000 150 17 150 16 .. 190 10
6, 'O0) 160 16 160 16 ---.. 190 13
7,COO ].70 14 170 14 --- 190 13
8,000 180 09 18o 09 --- igo 10
9,000 180 09 180 09 --- 190o 05

10,000 170 12 170 10 --- 170 07
12,000 220 13 220 12 ... .. 180 07
14,ooo 230 14 230 14 --- .. 230 0915,000 -.. -- (22o) (14) .. I
16,000 210 15 210 13 --- 200 07
l, 000 200 12 200 12 ... .. 200 07
"20, 000 200 07 200 07 ... .. 180 05
25,000 230 05 230 05 --- -- 180 02
30,000 020 05 030 05 080 06 1-80 02
35,000 030 15 o4o 15 090 14 360 05
'4o,0,00 050 26 050 25 040 18 010 12

*45,000 160 07 150 09 050 30 --.--
50,000 110 14 120 14 230 12 ---
55,000 14o 07 14o 07 1220 07 ---
6o,ooo0 14o 07 1.30 12 090 0 ....

"NOTES:
1. NMubers in parentheses are estimatcd values.
2. Tropopause height was 51,500 ft MSL.
3. Wind data was obtained by the weather station on Eniwetok Island.
I4. H-hour values above 30,000 ft were interpolated from data taken

at 1I-21 bours and H+l• hour;s.
"5. At the surface the air press.,re was 14.63 psi, the temperature 29.9°C,

and the relative humidity 74%.
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(3L

OFERATION MI'DWING - Inca

PPG Time GMT
DATE: 22 June 1956 21 June 1956 Sponsor: UCRL
TIM-"E: 0956 2156

SITE: P13 - EIniwetok Pearl
110 37' 53" N

1620 17' 50" E
Site elevation: Sea Level

HEIGHT OF BURST: 200 ft

TYPE OF TJ' RST AMD PIACEMENT:
Tower burst over coral soil

CLOUD TOP DMIGHT: 42,000 ft MSL
CLOUD BOTTOM hIGHT: 30,000 ft MSL

BREMAKS: Only island dose-rate readings are availatle. These wero
obtained from aerial and ground surveys made by the Radiological Safety
Organization. The t' -12 devay approximation was used to Octrapolete
the duoe rate readings to H+I3 hoorr. Heavy contamination resulted only
on the shot ialand.
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Figvreo 91. operaLtio~n RZWINO . Inca,
Iusland done rcatto in r/hr at 11+1 hour.
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"TAB.Z 28 ENIWETOK WIND DATA FOR OP.0.ATiON R •WIR.-.. INCA

Altitude 11-1 hour H-hour H-1. hours 11+5 hours . .+'II hours7
(MSL) Dir Speed Dir Speed DiJ speed Dir Speed Dir SpeedSfeet degrees mp~h degrees mph •degrees mph, deg;rees mph degrees mph :

Surface 150 12 140 14 110 18 090 12 090 18

1 r, 100 20 100 20 090 21 080 21 080 16
2,000 100 22 100 23 o9o 24 01)0 23 080 20
3,ooo 110 26 100 26 090 28 100 29 080 26 I
4,000 110 29 100 29 090 28 100 29 080 26
5,000 110 29 100 29 090 29 100 29 080 .23
6,000 110 29 110 29 100 30 100 28 090 20
7,000 100 29 100 29 100 30 100 24 090 17

8,000 100 2o 100 30 100 31 100 24 110 23
9,000 090 29 090 29 100 29 100 24 11o 24

10,000 090 29 090 28 1oo z4 o.00 24 100 z4
12,000 o09o 29 090 28 100 24 090 20 090 21
14,000 100 29 100 26 100 23 090 22 100 23
15,000 (100) (28) (100) (26) (1OO) (23) (100) (21) (100) (22)
16,o00 100 28 100 26 100 23 100 21 100 22

F 18,000 080 z4 o63 24 09o 23 110 20 090 22
20,000 080 22 080 23 090 L6 100 22 090 20
25,000 010 25 020 22 C-ho 16 010 .13 040 09
30,000 240 18 220 16 1ro 12 18o 14 150 13
35,000 210 25 200 23 170 .17 170 1.4 210 10
4o~ooo o210 30 210 29 200 26 270 17 260 30
45,000 230 36 240 36 260 35 270 31 300 26
50,000 --- -- 300 23 320 z4 020 17 100 13
55,000. 350 22 330 1 110 21 110 i4

60,000 .. ..--- -- -. -- 100 25 090 z4
65,000 -OO .. .. ... . ... . 100 29 080 24: •7oooo ... . .. .. .. .. 09o 49 loo 5'
70,000 -- - - -- - 0049 10 51r
75, 000os ... .. .... .. ... . os 53 100 42
80,000 ... .. ... .. ... . 110 49 100 43
85,ooo .0 .. ... . . . o0 54 090 56

S•9,ooO .. . .. . .. . OW 83 090 '14

95,000 --. --- - 9 97 090 44
97,000 -... .. ... .... .. .... 100 43

:100 0011) - 100 85 -- -

1, .Numbers in parentheses are estimated values.
2. Tropopeuoe height was 5r4,)400 Pt MSL •L H+5 hours.

3? 3. Wiad data was obtaincd by the weather station on B-niwetok Island.
4. li-hour values were Intca-polated fron dats taken at 11-1 holir and H+2 hours.
5. At the surface the ai.- prensjure was 14.63 psi, the tempjzrature 28.6eC and

. the relative hi•uidity 81%.
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MPENATION JDWI3IG D

I-' G Time CG_ _ Spondor: IAMI,
DNTE: 26 June 3956 25 June 191,'
lIm.;•,: 06o6 1806 STTE: PVC - Bikini - 5,000 ft

south of Doe,
11i 36' 10" N

1650 2r(' 05" E
Site elhvaLton: Sea level

j IFIGiM0 OF PUP.ST: Surface

IMEGII•' OF BURST AND PIACik NT:
Surface burst from barge on water

CLOUD 9K)P I]IGH]T: 75,000 ft WTL
CLOT', BOT.OM H•.LGIM: 55,000 ft MSL

L

SREARKS:

Only island dose-rate readings are availab-e. They were obtained from.

4 aerial and ground survey,; made by the Radiological Pafety Organization.
The t"1'2 decay approximation was used to extrapolate the dose rate
readings to HI+1. hour. Thi.s shot produved less contamination on the
islands than expected. , However, the water adjacent to the northern
islands was heavily contaminated.

4..

153

......... ........



4'-

as~ 0

'CM

$ 4
U)

to0

(D OD

10,

LH

q~(Di00;154



TI

Tropopouse Height +

0 54,20 0 ft1. (at N 4-9 HO)

~1

ch Cloud Dimiiter

N00 881000 tt. Cloud Top Height

2 75,000 it

E

_ _ 
I

V/O'

Time, Minutes

¶Figure 94. Cloud Dimensions: Operation REDIN Dakota
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TABJLE 29 BIKINI WIND DATA FOR OPERATION REDWING- DAKOTA

Alt:Ltude 11-4 hr,; 11-1 hr 1i hr 11+3 h is H14-6 hi,,.--

-(MSL) Dir S1pted Dir Speed Dir Speed Dir ".peei Dir Stved
feet deg niph deg mph deg Ynph dpg mph deg mph

Surface 070 17 080 21 090 17 080 15 090 18

1,000 070 17 080 ?.1 ..... 070 18 090 17
3,000 080 13 080 18 110 - 080 23 100 21
3,00o 080 17 080 18( 110 21 090 23. 100 25
4,ooo 08o 16 070 17 110 17 100 22: 090 26
5,000 120 15 070 17 100 15 100 17 090 22
6,000 120 18 090 15 100 16 110 13 080 17
7,000 110 18 080 13 1o0 14 110 15 100 16
8,000 120 15 100 17 120 16 110 17 110 18
9,000 130 13 110 18 120 16 100 18 i00 20

10,000 130 14 100 14 120 16 100 17 100 16
12,000 120 12 110 15 110 15 120 10 090 16
14,000 060 o6 100 13 130 15 080 12 08O 10
16,000 310 05 080 07 160 09 090 07 100 07
18,000 009 06 210 10 190 09 24o 07 210 05
20,000 250 08 210 07 210o 4 200 09 210 09
25,000 270 o8 24o 25 230 18 250 17 250 23
30,000 230 14 240 33 240 25 260 27 260 26
35,000 250 25 250 32 240 51 24o 45 23o 48
4o,ooo 250 41 24o 45 250 51 .240 54 230 54
45,000 250 58 250 35 250 57 26o 60 260 48
50,00o 270 35 250 54 2280 35 270 53 250 22
55,000 080 09 ....-- 090 (8 --- -- 130 10
60,000 100 22 l. . 1oo 16 080 28
65,000 080 33 . . 080 39 090 28
70,000 100 45 . . 080 39 090 40
75,000 080 58 .. . 08o 62 . 100 58
80,000 090 63 1. . 100 74 090 71
85,000 09o 81 -. . 090 85 090 87
90,0o00 100 89 2. . o90 '77
NOTES:

1. Trop}pause height was 54,200 ft MSL at H+9 hours.
2. Wind data was obtained on board the U.S.S. Curtics.
3. At H-hour the sea level pressure was 1009.1 mb, the temperature

82..0F, the dew point 75.CPF and the relative humidity 80.0%.
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OPEMATION REDWING - Mohawk

PPG Ti me G'AMT
DATE: 3 Jul 1956 2 Jul 1956 Sponsor: UCRL
TIME* 0606 18o6

SITE: PPG - Enlwetok - Ruby
110 30' 38" N

1620 18' 39" E
Site elevation: Sea level

IhIGIHT OF BURST: 300 ft

TYPE OF BURST AND PLACEMENT: ]
Tower burst over coral soil

CLOUD TOP HEIGIT: 65,000 ft MSL
CLOUD BCII'Iom HEIrT: 42,000 ft 1MSL

REMARKS: The dobe-rate readings on the islan6.• of the atoll were
taken by aerial and ground surveys of selvnrl1 .c projects between H+9
hours and H+56 hours. The experimentally determined gamma field decay
exponent ,.as used to extrarT.late the dose rate readings to
H+l hour. Extremely heavy local rcatmvii.nation resulted on Ruby. In
addition, significant amounts of Quntamination were deposited on the
northern islands of the atoll. The readings taken bet'ween sites, Janet
and O) ivc, were corrvueted f.,r the small dose rates observed there before
the shot. No such corrections were applied to sites, Pearl and Sally,
because the contai.ination from shot Mohawk was so heavy that the pre- 4

shot dose rates could be neglected. The readings in the vicinity ofI
the crater were taken between H+32 hours and H+56 hourts. The avcrage .
field decay exponent vas used to extrapolate the l.'tdings
to H+1 hour. Approximately 2 hours af'ter detonation,° light fallout, started on Elier and continued for one hour. Peak intensity was 22 mr/hr.

4A 158

S........ •.. . . ..... :, ,.•...,,.....•-.•.,., . •,.•,.:. K& • &•A •& ••,,,. ... , ,- , . . " .. :



HELENr NORTH PACIFIC OCEAN

.KATE

ALICE 6739 NANCYS~~LIVE li

3PEARL 
.SAO

URSULA

WIM
N

MACK ON

L %SCAR
L AG 00 N ALVIN

B~.RUCE

ENIWETOK ATOLL CLYDE

0 I 2 3 4 5
STATUTE MILES

LEROY-. ELMER

Figure 96 Oerain RMNNba

Island dose rates in r/hr at H41 hour.

159

,I i7ZI77 -I



.. *--.*-...--. . . .

I l

'. \IV . .. .•



[Doto Limited To H 38 Sociue To
Heavy Cloud Cov ering At Shot Time

v~ [-Cloud Top Height

ES

Cloud Diameter

CP1

0 5 10 15 20 25 30 .35 40
Time, Seconds
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TABLE 30 ]NIW1'.IOK WIND TATA FOR MP.MATION REDWING.- MO]hWK

Al.titude .11-3 hour. l-hour 11+3 +h)ours 11+6 hours
(M-r,) :DJr Spxeed D]ir Sp,;cd Dir pe eed Dir Speed
feet degrees mph degrees mph degrees mph degrees mph

Surface 130 28 130 21 2.0 18 130 181,ooo , .1o 24 illO 18 090 18 0ow 20
2,000 110 24 120 23 100 23 090 21
3,000 100 26 1i1 26 120 25 090 23
h4.000 .100 22 110 30 120 25 090 .23
5,000 110 20 110 37 120 26 100 23
6, ooo 110 23 120 35 120 21 110 23
7,000 090 22 120 29 11.0 16 130 24

•8,000 090 20 120 22 100 18 120 26
9,000 090 16 100 16 100 18 120 26

10,000 080 15 060 15 090 16 ICO 25
12,000 070 12 070 18 06o 18 070 16
24,000 040 07 050 18 030 17 050 14
15,000 ... .. (020) (16) (010) (17) (020) (13)
16,000 090 09 350 14 350 17 360 13
18,000 120 10 280 09 070 08 020 09
20,000 140 20 210 03 090 1.2 070 10
25,000 270 10 160 06 130 07 220 14
30o,000 260 29 150 14 190 20 210 22
35,000 240 36 180 214 200 32- 220 32
4o,ooo 240 54 230 32 22c 44 220 38
45,000 250 51 250 45 240 40 230 35
50,000 270 32 270 32 260 32 250 25
55,000 .70 09 160 08 150 07 150 18
60,000 100 10 100 20 110 29 090 24
65,000 --- --. --- -- 090 35 100 38 I
70,000 ... .. ... .. 100 48 100 45
75,000 ... .. ... . 100 54 100 52
80,0o0 --- .. . .. . 100 65 100 56
82,000 --- .. .. ..--- -- 100 56
85,000 ... ... ... . 100 61 --- --
9Oooo --- -- --. 090 .(4 ... .
95,000 --- ... .. 090 79 .. .. !

100,000 ... .. ... .. 090 88 ---..
102,000 ---... .. . 090 88 .. . /:

f~i NOTES:
1. Numbers in parentheses are estimated values.
2. Tropopause height was 56,800 ft molL.
3. Wind daita was obtained by thb weather statýion on Eniwetok Island.
4. H-hour values interpolated for 45,000 ft-, and above from 11-3 hours

and 1113 hours, data.
5. Al tho mirfcev th-., air pressure war, 14-01P r~i, the temperature 26.5C

dew point ?2.8 0 C and the relative hiunidity
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PWO Tiieý GMT,_ __ fSponror: UCiRJ,
9 Jill 1 ',156 JU l 19, '6

TIM: 

l 4 , 17 ,N
O 6 6 8 O S T - .P G ' ,F l. -r a

'6 2 0 12 .' * 0 " "E'
Site Plevaitioe: S•a JoUV.l

HEIG1HT OF J.IRS3T: Surface

%TPFL OF r,]1•'z ANTD P.ACM DIT:
Surface burst 'roim be.rge on
water over the Mike crater

CLOUD TOP MU OIT: 66,700 ft 4SI,
CLOUD BOTTN1-M IIG][l. 36,000 ft MSOL

Only island dose rate readings are available. These were taken by .1
aerial. a••1 ground surveys -Rde by the Radiologicia. Safety organization.

The t- " decay approxi mation was'used to extrapolate tnr d ose rate 4

-:eadinss tc 11+1 hour. This shot produced exceptJona].ly heavy contumLnation
"througho•i't the upper island.; of the atoll. Water in the north end of
the lagcvn wis highly contaminated for a considerable distance from the
shot is'ltnd, and ar the silt and debris were moved out by lagoon currents),
the contamination spread widely.
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TABLE 31 ENIW]W"OK WIND 1ATA FVR OPIMATION Rlo31)k:rNG- APACHE

Altitude 11-1 hour H-hcur IN.1 hour ]l-i4-j-hours 11+9 hoi'rn
L(MSL) Dir Speed] Dir c;peed Dir Speed Dir §2(ed Dir Speed
feet degrees mph degreer, mph deer-c:. mph degrees mph degrees raph

Surface 070 12 070 12 070 12 070 15 090 14
1,000 070 14 070 16 060 20 080 21 080 16
2,000 070 14 070 18 070 23 080 23 090 17
3,000 080 12 080 17 070 24 090 23 090 24
jo000 100 15 090 20 080 26 090 23 100 28
5,000 100 15 100 23 10% 31 090 23 100 25
6,000 110 15 110 18 110 22 090 21 100 24
7,000 110 17 110 18 120 21 090 21 100 21
8,000 130 16 120 22 100 21 100 21 100 21
":9,000 130 18 130 21 130 23 110 21 110 20
S0,000 14o 18 i10 21 140 23 110 21 10 201

* .12,000 150 09 150 10 140 13 110 15 110
14,000 120 02 120 03 110 o6 16o 02 100 12
16,0OO 060 07 060 06 060 05 230 07 130 12
18,0OO 040 05 020 05 350 05 310 02 300 09
20,000 050 02 030 05 020 07 020 05 360 09
25,000 230 07 190 08 160 09 230 07 320 12
30,000 300 10 270 10 250 09 180 09 210 13
35,000 110 24 200 14 210 15 210 14 210 20
4,,000 310 10 290 09 280 07 220 07 210 15
45,000 28o 16 270 16 26o 17 250 28 230 28
50,000 220 17 220 26 230 37 220 35 230 31
55,000 180 28 160 P3 .. .-- 090 04 160 36
6O,00O 100 30 100 30 - - . 093 32 080 41
65,000 080 39 080 39 - - . 090 41 100 46
70,000 . -- -- -- 100 4o4 100 55
75,000 ---. . ... 100 54 090 54
80,000 --- .. . .. . . . 090 72 090 71
89,000 .. . .. . . . 090 M -8-
90)000 - -- 110 106
93,000 -- 110 96

NOTES:
1. Numbers in parentheses are estimated values.
2. Tropopause height was 52,300 ft MSL at H-3 hours.
3. Wind data was obtained by the weather station on Eniwetok Island.
4. Il-hour values interpolated; H-I hour and 11+1 hour data was used for

surface through 50,000 ft; 11-1 hour and H+41- hours data was used for
55,000 ft and above.

5. At the surface the air pressure wss 1J1.63 psi, the temperature 26.80C,
the dew point 23.9 0C, and the relative humidity 8)1%.
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OPEPATION REDWING- Navajo

PPG Time _ __ Sponsor: IASL
roTE: 11i Ju 1956 10 Jul 1956
TDC: 0556 1756 SiT 1039; MPO - Bikini - South of Dog---- 11° 39' 48" N

1650 23' A4" z
Site elevation: Sea level

HEIGHT OF BURST: 15 ft

TYPE OF BURST AHD PIACEMENT:Surface burst from barge on

water; center of gravity
approx. 15 ft above surface
of water; depth to bottom-215 ft

CLOUD TOP HEIGHT: 85,000 ft MSL
CLOUD BMMM HKIGHT: 51,200 ft MSL

The on-site fallout pattern was drawn from island readings taken by
scientific projects supplemented by fallout sample collections on rafts
and barges in the lagoon. The survey readings were obtained on D-day.
A gamma decay exponent determined from laboratory gaus
decay measurements, was used to convert the D-day readings to H+I
hour values. Light fallout occurred on Nan approximately 18 hours
arter detonation, with peak gazm intensities of 22 mr/hr.

The off-site fallout pattern was drawn from aerial and oceanogra.phicI surveys& The oceanographic surveys used detector probes for measuring
-,the dose rate at depths to and below the thermocline. Water sampling

equipment was u,-ed for taking of. surface samples and for the collection
• of samples from any desired depth. The dose rate readings were extrapo-

lated to H+1 hour by using the decay measurements of the samples
,"!ollected.

. -_4
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Figure 105. Cloud Dimeflsions: Operation BFN7ING Navajo.
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TABLE,' 32 B3IKINI WIND M)TA FOR OPE1I01; 1E•0I4:4G- NAVAJO

Altitude Hl-hour 11+3 hours. 11+46 hours 11+9 hours
D~i S'peý.d D11- Jýj;&d IDir Ijle(-d Pi' r C

feet degrecs Tnph dc.rpees niph d~?'c:.• mph d'c:res, mph

Surrf;cc 090 12 090 20 090 21 080 A1
1,000 080 24 080 2A 100 20 080 14
2,000 080 26 080 25 IO 24 O90 15
3,000 080 P-5 080 29 090 26 100 20
4h,000 030 25 080 26 090 26 110 P]

t 5,000 080 23 080 24 090 22 110 P21
6, O0OC o8o 21 080 24 I(A1 21 100 21
7,000 C-80 22 080 24 100 21 0 21
8,000 080 2? 090 23 100 21 l. 23
9,000 080 22 080 24 090 24 100 P3

10,000 080 21 080 08o 24 090 23
12,000 070 15 030 22 070 23 070 2]
14,0o) 060 14 070 13 050 17 060 15
"15,000 (080) (12) (070) (13) (050) (15) (060) (15)
16,000 100, 10 070 13 06o ill 050 1.6
18,000 100 10 080 10 060 13 070 13
20,000 14o 09 090 03 300 07 090 08
25,000 08 170 09 270 03 070 0
30,000 o0o 17 24o 13 260 It 290 12W
"35,000 220 24 270 1' 2hO 16 2(0 22
40,000 270 18 260 29 24o 32 240 34
45,000 2140 35 250 37. 230 42 220 38

ýS 50,000 P40 33 240 21 24O 30 250 34
52,000 230 37 ---.-- -- -.--
55,000 - - . 120 14 300 06 050 18
6oCoo - - . 080 25 110 30 110 25
65,000 - - . 090 Io 090 35 080 3>
'(0,000 .. 080 52 090 47 090 44
72,) C..) -- -. 090 48 - .-
74,000 ••-... . -- 090o 59

At NOTIS.S:
I.- Nur-'1-crj in parenthever, are estimated values.
2. Wind data was obtained on boarrd the U. S. S. Curtiss.
3. Tropope~usc height was 50,000 ft IJL.
II. At 1l-huur the sea level pressurc was 1010.2 mb, thc temperature

81..2 0 F, the dew point 74.O°F and the relative humidity 80.0%.
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. OP2'9ATION H-TAMING -Tewa

LSponsor: UCRL
MTP,: 21. Jul 1956 ;0 Jul 193.956
Ti].: o546 1746 SITE: PPG Bikini Charlie -

Docf Reef

T.PAI, YU1.ID: 5 Mt 110 140' 26" N
1650 20' 22" E

Site elevation: Sea level

FIRT1]PAL], TATA:
Time to ]st minimum: 185 to 2hO msec ]ILE3,:IT OF BURTST: 15 ft
Time to 2nd maximum: 2.08 sec TYPE OF BIWIRT AND PLAMN:EN2T:fRadius at 2nd maximnum: 5,9011. ftYEO BJS NDPA1Surface barst from barge on

CRATM IDTA: water; ,center of gravity 15
Diameter: 4 o000 ft. ft above surface of water;
Depth: 129 ft depth to bottom 25 ft.

CLOUD TOP HEIGHT: 99,000 ft MSL
CLOUD BOUNOM H!,JIGHT: NM

The on-site fallout pattern was drawn from island readings taken by
SscJentiP'*,½ projects, stupplemented by fallcit sample collection on rafts
and barg.s in the lagoor.. Actual field decay measurenmnts indicated a

Sdecay exponent This decay exp)f;:I,,nt was used to extrapolate the
dose rate readlgs to Il+I hour. The extremcely heavy rains which followed

4 this shot had no observable effect on the decay rates. On all islands the
contami:' .ieon re.al ninizi from previous shoH.-. was negligible in compinriscn
with the high radiation level;: produced by fi, Thot. Very slig:ht
fallout occurring approximilen~y 18 hours after firiq.g increased the back-
ground on Ufin by approximal..ey 4 mr/:ir. In contrast to the othcr bar,yv
shots, contamination was also pxbriencod on the .to].]'s southwontcrn
i slands.

The off-site fallout pattern was drawn from oceanographic surveys. TIheoceeanographic surveys used detecor probes for tnasu-ing the dose rateK' Et depth,; to and bceow the thcrmnocline. Water-sampling equipym-nt was
used for thie ta1,in; orf surfac sanmples and for the collectinn of sams.Jesfrom any desired depth. The dose rat rea(tius wore extrapolated to 11+1
hour by using tl.r decay meacurcirnnts of the sa5TIles collected. !iUllautfrom the firing of hi.s dvric, contaminuated Rliwe1,uk atoll. The fallout
on TMiwutok cened approxin•At.ey 9 hours after the device was rired

wl+hi a p#-ak of I00 to 320 C mr/hr.
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. 3E1'. 33 PI KINI VIN11) 1t 1.M FOR 0111WL'ION RNIVDWING- ThIWA

• MA-Attude 11-11,113- 11+.i hou.',• IN'( hor: -11+9 hoourp -

(MLi) ])-itr f cud Dir c c:d Dir Opq e 'd Dir .Peed
"". ee duc.rees In.ph dejrceC 0 mph dc(;rcei, "p-Ti dexr..es 11mphb

Surface 090 15 090 16 100 15 030 212

1,000 080 17 090 1.6 3oo 16 080 13
" J2,000 090 17 100 17 090 17 090 16
31000 110 18 100 20 100 24 t 090 14
4000 110 18 100 21 100 2 090 18
5,000 110 18 100 20 090 100 2?.
6,000 100 20 3-10 20 090 P2 100 23
7,000 100 22 11.0 23 090 20 100 2212
8,0o0 090 23 100 24 300 18 090 21
9,000 090 21 110 22 090 15 090 15

10,000 070 20 100 17 090 18 090 15
12,000 080 17 lo 15 090 1-6 080 13
14,000 080 16 100 10 080 10 060 09
1.5,000 (loo) (up) (1o0) (1.3) (090) (11) (080) (12)
1f 6,000 1?0 07 100 15 090 13 090 14
18,000 090 ].3 110 ] .'• 120 13 160 03
20,000 1330 13 120 13 IVtO 2 180 07
25,000 2Wo 09 130 o0 180 00 220 15
30,000 320 06 210 13 170 05 260 07
!•35,0 O0 190 09 260 13 150 05 270 ik
40,000 260 23 270 98 270 PC 320 18
45,000 250 37 290 11 3h0 13 0)40 31.
50,000 270 2') 260 23. 080 20 310 1.2
55,000 110 06 070 05 080 16 100 17
6o,0c0 070 3`3 080 37 080 2). o0 28
65,000 090 52 100 50 54 100 1)
70,000 090 48 110 ho0 090 55 090 40
72,000 - .-- 110 37 .....
75,000 080 61 -- 090 60 090 63
80,000 100 55 .. 090 6( 090 69
85,0oo 100 56 .. 090 78 --
90,000 - -- -- 0)3 108 "

[ - 1. Nmbers in parentheses are estimated values.:2. Wind data wa!, obtained on board the U. S,. S. Curtiss.

3. Tropo•ause hci:/hL wais 52,000 ft MML.
,h. At 1[-hour the .(,'ca .evel pressure war, 1009.3 Ab, the tempiratIire

82()F, the dew point *('(TF and the ro.ative Immidity 85%p.
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S4• OPIWATION REDWING H f!uron

PPG Time. GMT Sponsor: IASLa
JYATE.: 22 Jul1y 1956 P-1 July 197;
TIME: 0616 3.816 SITE: PPG - EInwotok - Off Flora

-- 10 W4o, 19" N
16e 22' 09" E

Site elevation: Sea level

)IMIGHT OF BURST: Surface 2

TYPE OF BURST AND PLACFN/ExW:
Surface burst from barge on
water

CLOUD TOP IMIGIT: 54,o00 ft MSL
S•- CLOUD BOTTOM HEIGH2: 27,,000 ft MSL !

REMAKS-z

Only island dose-rate readings are available. These were obtained
.fromi aerial and ground surveys mad, by the Radiological Safety organi-
zation. The t-' decay approximation was used to extrapulate the dose
rate readings to 11+1 hour.

ilei

181 .

-]



IRENE NORTH PACIFIC OCEAN,

ENA

MACRY
BELLE 10

400 5tuucy NANC

VERAE

S. WILMA

N~ue11 p-a onRDIG-Hrn
ID ~ Mc dose riVOiN/h NE11 or

182CA

77I.~i§ZZiNU



TABLE 34 E7IIWbTOK WVND IDTA MgR OPERATION REDWTNG - I]MN

Altil;udc li-hour )1+3 hours 776 hours 11+9 11o111s
(MSi1) Di3 8peed ] Dir Spe':d Dir Speed Dir Speed
f(et degrees, mph delgrecs mph degrees mph1 degrees mph

.Surface 120 14 090 18 130 16 140 23
1,000 100 18 1).0 2"ý 110 it4 120 29
2,o00 3.00 18 210 24 090 1it 110 28
3,000 100 18 110 29 100 16 110 32
4,ooo 100 18 100 30 060 15 13.0 35
5,00C, 110 d i00 29 l2O ].4 110 37

6,000 110 22 100 28 120 16 110 38
7,000 120 18 100 25 110 16 110 38
8,000 120 22 090 23 110 li 110 35
9,000 110 23 090 25 110 14 100 35
10,000 110 18 100 28 110 14 1.00 35
12,000 110 12 110 21 110 14 090 28
14,i00 120 14 100 23 080 18 O030 23
15,000 (14) (13) (090) (23) (ii0) (13) (080) (16)
16,000 i60 12 080 23 130 07 080 09.
18,000 160 12 070 10 090 15 090 12
20,000 150 12 0oO 09 060 18 080 07.
25,000 170 09 030 05 36o 07 010 07
30,000 08) 16 O40 I0 11i0 06 120 09
35,000 o6o 32 050 37 060 i4 090 24
4o,ooo 06o 4o 050 39 100 09 060 25
44,00o 050 39
45,000 0-0• 52 - - . 070 08 050 09
50,000 070 08 --- 080 15 26o 10
55,000 oyo 23 .. 120 13 08o 14
60,000 100 38 - - . 120 20 090 Ito
65, ocv` 110 51 --- .100 2o2 090 52
70,000 090 56 . . 110 35 100 53
75,000 100 71 --- . 090 37 100 63

o80,o00 100 79 ... .. 070 23 100 7•
85,000 100 87 ... .. 090 23 090 82
90,000 1o00 17 ...- -.-- -- ---
99,000 . -.. .. .. .. .. 090 117

NOTES:
1 . Numbers in parentheses aie estimated values.
2. Tropopause height was 50,000 ft MSL at 11-hour.
3. Wind data was obtained by the wuather station on Eniwetok .3

Island.
4. At the surface the air pressure was 14.62. psl, the temer-iture

2"r.4°C, the dew point 24.5 0 C and the relative humidity 84%.
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Figure 114. Operation HARDTXACK Ij, Shot Locations.. Bikini Atoll
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OPEATION HARRDACK I - Yucca

"G Tiem gMT Sponsor: DOD
WTE: "fApr 1958 28 Apr 1958

TIME: 144o 0240 SITE: PPG - USS Boxer 60 mi
west of Bikini
120 37' 00" N

1630 0.' 30" E
Site elevation: Sea level

HEIGIT OF BURST: 86,000 ft

TYPE OF BURST AND PLAC5WET:
A(ir burst from free balloon
over water

CLOUD TOP HEIGHT: NM
CLOUD BOTTOM IHEIGHT: Wi

REMARS: No fallout

186



F TKBLE 35 BIK(INI WIND IATA F0R OPEPATION HADITACIC I -M(ML

Surface oo.
1,000 050 29
2,000 050 35
3,000 070 36
40000 130 09
5,000 350 126,000 360 14
7,000 150 15
8,000 190 12
9,000 210 09,

10,000 230 06
12,1000 350 12
14,000 320 15
15,o0o (320) (15)
16,000 330 16
18,000 300 15
20,000 260 07
23,000O 210 15
25,000 240 18
30,000 200 13I 35,000 210 32
4o,ooo 270 4

f45.,000 270O 51
50j,000 270 40
55o,000 270 38 -]

60,000 280 33
65,000 250 18
70,000 070 15
75,000 18o 09

NOTES:
~ Numbers in parentheses are estimted values.

2. Wind data was taken on board ship located within 30
nautical miles of the Tower at Nun Island, Bikini Atoll.

3. Tropopause height was 53,000 ft MSL.
4. At H-hour the surface air pressure was 14.67 psip the

temperature 25.7o0 , the dew point 69.6 0 F, and the relative
humidity 75%.
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Figure 115. Modograph for Operation RAP!MAQK I - Yucca.
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OPERATION }11RDTACK I - Cactus

PPG Time GMT Sponsor: LASL

DATE: 6 May 1958 5 May 1958
TIM: 0615 1815 SITE: PPG - Eniwetok - Yvonne

1V- i 33' 23" N
TOTAL YIELD: 18 kt 162e 21' 15" E

Site elevation: Sea level

FIRFBALL DATA: HEIGI1T OF BURST: 3 ft
Time to Ist minimum: 12 msec
Time to 2nd maximum: 130 msec TYPE OF BURST AND PIACF2EN"T:
Radius at 2nd maximum: 656 ft Surface burst - Platform on

coral soil
CRATER DATA: __

Diameter: 340 ft CLOUD TOP HEIGHT: 19,000 ft MSL
Depth: 34.5 ft CLOUD BTM014 IHEIGI}T: 4NM
Lip Height: 8 to 14 ft
Lip Width: 115 to 170 ft I

REMvARKS:

Only individual island dose rates are available. These were obtained
from helicopter surveys at H+4 hours made by the Radiological f~fety
organization. The helicopter survey technique called for the pilot
either to land the aircraft at the desired spot, so that a ground
reading could be obtained, or to make a slow pass over the desired
spot at an elevation of 25 feet. Readings taken at 25 feet were
multiplied by a factor of 2 in order to obtain a reanoinbl', &pproxl-
mation of the true ground reading. The bas5ic instrument used in
the aerial surveys was the AN/PDli-39 survey motor modified to read
up to 500 r/hr. The t- 1 ' decay approxiMation was uurJ to extrapolate
the X+4 hour dose-rate roadingo to H+l hour.
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UIANE 36 !2IIWR7MK WIND DATA FOR OE PATION HARMYACK I -CA~CTUS

Altitude rF+t hoxar H+45, hours
(S) Dir Speed Dir Opeed

feet degrees mph degrees mph

Surface,~ 060 16 060 16
1,000 070 24 060 29
2,000 070 25 060 24
3,000 06o 26 060, 26
4,000 060 24 060 28
5,000 080 15 030 27
5,000 06o 23 050 25
6,000 060 23 030 27
8,000 090 10 CIO 08
9,000 110 05 040 05

10,000 060 03 160 08
12,000 200 02 220 10
14,000 150 12 180 13
15,000 (130) (15) (160) (13)
16,000 100 18 130 14
18,000 1C0 18 140 15
20,000 120 18 140 15
25,000 090 13 150 18
25,000 050 09 230 15
30,000) 270 17 26o 26
35,000 ---- 230 32
40,000 220 37 230 3 9
45,030 290 35 270 33
50,00.0 310 39 270 2E3
55,000 230 0`7 M$ 18
60,Loco 260 17 240 17

465,000 - -- 250- 12
67,000 210 07 -- --
70,000 120 08 090 05
T5,000 070 13 C60 12
80,000 080 31 090 23
85,000 080 52 1.00 33
90,000 090 60 100 40
95,000 --- 100 62
96,000 100 57 ..--

100,000 -- 090 59

110,000 090 5
1200090 61

1. Number Ina pairentheses ure eatinnted values..
2. Wind date van tskttr by the Entvdtt'% weat~hei
'. Troj~ppuse height.wa '.IeuX 510rt Hl8L.

?fra:The surt'ace air pressure was 14.66 pet, the tempurtnture 26.7'cs
the dew polint 'eV and the relo~ive humidi~y 76%.
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OPERATION HAWDTACK I - Fir

SPPG Time "1I Sponsor: UCRL

DATE: 12 May 1958 11 May 1958
TIME: 0550 1750 SITE: PPG - Bikini - SW of

nearest edge of the island
110 h4' 27" N

.. ::1650 16' 25" E

Site elevation: Sea level

HEIGHT OF BURST: 9.88 ft

TYPE OF BUHST AND PICFIENT:
CLOUD TOP HEIGHT: 90,000 ft MSL Surface burst fr:or b~arge on
CLOUD BDTrOM 1EIGIrr: NN water

SRw¶I1:S:

"Only individual island dose rates are available. These were obtained
from Radiclogical Safety organization helicopter surveys at H1+4 hours.i The helicopter sul-vey technique called for the pilot either to larnd the

aircraft at the delired spot, so that a ground reading could be ob-
tained, or to make a slow pass over the desired spot at an elevation! : of 25 feet. Readings taken at 25 feet were multiplied by a factor

of 2 in order to obtain a reasonable approximation of the true ground
reading. The basic instrument used in the aerial surveys was thei k• AN/PDR-39 survey meter modified to read up to 500 r/hr. The t~-•'

decay approximation was used to extrapolate the H+4 hour dose rate
readings to H+1 hour.
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TABLE 37 BIKINI !'IND DATA MR OPERATION HARDTACK I- FIR

[-�IAltitude H-1 hour lhours tt4?--hours

(MSL) Dir e~id -@-r V1 r rpe -

feet degrees mph degrees mpn degrees mph

Surface 070 25 070 25 060 28

S1,000 070 26 060 26 060 26
2,000 080 26 070 26 070 29

3,000 080 22 080 26 080 29
14,000 090 26 090 29 090 25

5,000 090 36 100 30 110 22

6,000 110 26 100 29 110 23
7,000 130 23 110 24 110 31

8,000 130 17 110 18 120 29

9,000 150 17 130 18 130 18

10,000 170 15 150 16 150 13

12,000 120 08 190 07 200 13

114,0oo 110 08 220 14 250 10

15,000 (090) (12) (170) (10) (210) (08)

16,ooo 070 14 120 07 180 06

18,000 060 CT 140 06 190 02

20,000 050 07 160 03 280 01

23,000 090 05 200 03 240 06

25,000 130 06 220 06 250 10

30,000 280 20 280 17 270 17

35,000 (255) (34) (250) (28) (235) (32)

4oo000 230 48 220 40 200 48

45,000 24o 56 (250) (39) 220 55

50,000 260 45 280 39 260 33

514,ooo 280 26 ... .. ...--

55,000 (270) (23) (200) (25) (9so) (21)

56,ooo --.-. 180 12 250 18

60,00o 210 05 290 08 360 05

6J4 ,000 --- 080 09 ..
65,000 (120) (12) (190) (13) (110) (12)

67,000 360 06 --.-- -.

70,000 o040 20 090 7 090- 13

75,000 080 26 (090) (22) (090) (16)
80,000 12 26 090 26 090 2o

85,000 110 40 .....
88,000 --- 100 53

NOTES:
1. Numbers in parentheses are estimated values.

2. Wi'nd data was taken on board ship located within 30 nautical
miles of the Tower at Nan Island, Bikini Atoll.

3. Tropopeuse height was 54,000 rt MSL.4. The surface air pressure was 14.64 p•si, the temperature 26.7rc,

the dew point 73.0"F, and the relative humidity 80%.
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OPERATION HPRTrACK I - Butternut

PPG Time m-1GT Sponsor: IASL
WEIT: 1q Hay 1958 11 May 1958

T•I: 0615 1815 SITE: PPG - Eniwetok - SW of
Yvonne
14,000 ft from the nearest
edge of the island
110 20' 41" N

A1620 21 02" E
Site elevation: Sea level

HEIGHT OF BURST: 10.13 ft

TYPE OF BURST AND PACE2MET:
Surface burst from barge on
water
Water depth: 65 ft

CLOUD TOP !HIGHT: 35,000 ft MSL
CLOUD BOTTI'OM IlIGHT: N1.1.

RiMRAJKS.:

Only individual island dose rates are available. These were cbtained
from helicopter surveys at 11+4 hours made by the Radiological Safe'
Organization. The helicopter survey technique celled for the pilot
either t, land the aircraft at the desired spot, so that a ground r7ading
coulo be obtained, or to make a slow pass over the desired spot at an
elevation of 25 feet. Readings taken at 25 feet were multiplied by
a factor of 2 in order to obtain a reasonable approximation of the true
ground reading. The basic instrument used in the aerial surveys was the

AN/PDR-39 survey meter modified to read up to 500 r/hr. The t- . decay
approximation was used to extrapolate the H+4 hour dose-rate readings
to 11-1 hour.
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1ABLE 38 MIIWM'tK VIND ?rA FOMR OPATION CK I -IBiTrO'R

Altitude H-i hour H+5 hours ... +1 hours

rest degrees niph degrees rph degrees ph

Surface 080 12 080 17 070 161,000 090 24 080 24 080 28
2,000 090 25 080 24 080 29
3,000 090 25 090 29 090 29
4, ooo 100 21 090 28 100 26
5,000 120 18 I00 24 1iO 24
6,000 120 18 120 24 130 21
7,000 150 16 150 21 130 17
8,000 150 13 170 16 150 13
9,000 130 09 170 1i 170 15

10,000 100 10 120 08 160 10
12,000 090 09 190 07 230 09
14,000 080 09 150 09 200 09
15,000 (080) (14) (120) %09) (140) (09)
16,ooo 070 18 090 09 080 08
18,00- 100 12 110 09 070 07
20,000 100 09 090 07 070 05
23,000 110 07 160 02 34o 05
25,000 Calm Calm 200 03 300 08
30,000 280 22 270 17 270 24
35,000 (230) (41) 240 36 220 33
37,000 210 49 ---.- ---

40,OOO 230 43 220 39 210 37
45,000 260 47 24o 28 250 35
50,000 250 4o 260 33 260 40
54,000 280 21 --- -.. .. .
55,000 ... .. 250 16 260 17
6o,ooo 200 05 250 09 300 12
65,000 ---.. 080 12 250 15
66,000 070 12 --- -. ---

70,000 080 16 07O 18 050 10
72,000 100 25 .... -- --

75,000 ... -- 110 16 100 17
80,000 090 37 110 20 080 20
84,000 100 36 --- -... ..
85,000 --- - 110 29 100 38

NOTES:
T Numbers in parentheses are estimated values.
"2. Wind data was taken by the Eniwetok weather station.
3. Tropapause height was 53,000 ft MSL.

Dý 4. The surface air pressure uas 11s.63 psL, the temperature 27CC,.
the dew point 74'F, and the relative humidity 80%.
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OP1MRATION IDIRIYD\CK I- Koa

PPG Time GMT Sponsor: IASL
I.TE.T 13 May 1,958 12 May 1958TIM-•: 0630 18B3C SITE: PP0 - Eniwetok - West

end of Gene

TOTAL YIEZD: 1.37 Mt l11 4O' 30" N
1620 12' 20" E

Site elevation: Sea level
FIRETWLL IDTA:

Time to ist minimum: 100 msec HEIGHT OF BURST: 3 ft
Time to 2nd maximum: 0.94 to 1.35 sec
Radius at 2nd maximum: 3,641 ft TYPE OF BURST AITD PLACLMIENT:

Surface burst from 10 ft deep
CPATE. rATA: tank of water sitting on coral

Diameter: 4,000 ft soilDepth: 171 ft

Lip: Apparently washed away CLOUD TOP HEIGhT: 72,200 ft MISL
CLOUD BOTTOM }E•IGHT: rV:

REMARKS:

Only individual island dose rates art available. These were cbtained
from Radiological Safety organization helicopter survuys at 11+4 hours.
The heliccpter survey technique called for the pilot either to land
tne s.ircraft at the desired spot, so that a ground reading could be
obtained, or to make a slow pass over the desired spot at an elevation
of 25 feet. Readings taken at 25 feet were multiplied by a factor of
2 in order to obtain a reasonable approximation of the true ground
reading. The basic instrument used in the aerial surveys was the
AN/PDR-39 survey meter modified to read up to 500 r/hr. The t-1-2
"decay approximation was used to extrapolate the 11+4 hour dose rate

readings to 11+1 hour.
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f ., 7A -;9 EKIIWJOIK WIND ,TA FOR OPRAMTION I• rACK I -OA

A"t' t •*'d, d hour 1__.+" 'hours ?+I l' ' hours
(M.,) D''r "GpeeT- uI.r - seed Dir .peed
feet deg,"es mph depves mph degrees mph

Surface 050 18 060 A18 060 18
1,000 070 ,29 080 32 8 26
2,000 070 31 070 38 080 29
3,000 080 32 OT0 37 080 29
k ,000 080 36 080 29 090 31
5,000 090 33 080 29 100 26
6,000 100 29 090 23 110 26
7,000 100 31 100 18 100 26
8,000 100 31 103 20 080 239,000 090 25 100 20 070 20

10,000 090 25 120 18 090 14
12,000 100 29 130 20 120 13
114,000 110 25 150 14 "20 03
15,000 (110) (20) (150) (AL) (160) (07)
16,000 120 14 !4o 14 190 12
18,000 110 12 140 14 180 05
20,000 070 08 130 05 220 09
23,000 200 09 180 18 180 16
25,000 270 14 160 18 170 14
30,000 250 24 240 21 M50 21
35,000 190 31 170 31 18o 2i
40,000 220 29 190 29 230 31

145,000 24o 4o 26o 52 (255) (32)
50,000 290 36 280 35 280 33
55,000 280 13 230 i4 200 .3
60,000 1O4o 17 210 07 270 12
65,000 090 07 06o VA (Pio) (09)
70,000 100 i's 130 09 150 07
714,000 ---- -- 6170 x
75,000 100 23 070 2O 08O 16
80,000 100 31 090 36 100 30
85,OO0 090 41 100 53 ---
90,000 090 59 110 71 1CO 61
92,000 090 66 ......
95,000 -10 - ....-

100,000 -- 100 83 100 68
105,000 ---.. 100 85 ---..
110,000 ....- 100 126 100 75
118,000 ..... 100 101

NOTES:
I.INumbers in parentheses are estimated -alues.
2. Wind data was taken by the Eniwetok weather station.
3. Tiropopause height was 57,000 ft MSL.
4.. The surface air pressure was 14.66 psi, the temperature 2T.2cC,the dew point 740F, and the relative humidity 79%.
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OPERATION HkRDTACK I - Wahoo

PPG Time GMT Sponsor: LASL/DOD
DkTE: 16 May 1956 16 May 1958
TIME: 1330 0130 SITE: PPG - Eniwetok -south by

SSW of Irwin about 8,000
ft from the island
i0 20' 41" N

1620 10' 44" E
Site elevation: Sea level

HEIGHT OF BURST: -500 ft under
water

TYPE OF BURST AND PLACEMENT:
Underwater - Device suspended
by a cable. Water depth
3,200 ft

PLUME TOP HEIGHT: 1,760 ft MSL
at 15t see

PLUME DIAM:TER: 3,4o0 ft MSL
REMAPXS: siat l512 sec

"Nearly all of the total gamma dose occurred within 25 minutes after
zero time and was due to the passage of airborne radioactive material.
Gamma doses in excess of lOOr occurred within the first 15 minutes at
downwind distances less than 16,000 feet. In both ihstances the
residual field due to deposited radioactive materiel was relatively
insignificant, although radioactive foam may represent a radiological
hazard."
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Figure 125 .Operation HARDT1JACK I - Wahoo.

Xý On-site cumulative dose to 6 hours in roentgens.
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TABLE 40 EKIWEMOK WIND IkTA FOR OPERATION HARrMACK I- wAHOO

Altitude H-1; hours H+h44 hours
(WMS) Dir SPqFrId rvir 'Opeed
feet degrees mph degrees mph

Surface 090 17 080 16
1,000 090 22 080 18
2,000 090 22 080 20
3,000 090 20 080 21
4,000 090- 17 080 20
5,000 070 13 060 14
6,00o 040 08 050 12
7,000 330 07 350 07
8,000 280 12 300 14
9,000 290 17 300 20

10,000 280 21 300 22
12,000 310 16 290 14
34,000 290 09 310 12
16,ooo 020 07 34o 09
18,ooo 24o 14 020 09
20,000 O4O 08 04O 13
23,000 060 05 010 07
25,000 240 02 360 07
30,000 300 15 260 10
35,000 260 35 ...--
40,000 270 25 270 30
45,000 280 29 ---.-- Y
50,000 34o 15 310 24

52,000 ...-- 270 09 i
55,000 070 06 --.--
6o,ooo 060 15 020 20
65,000 090 17 --

69,O00 ... 120 10
70,000 090 12 100 07
73,000 090 57 060 13
75,000 ....... --
80,000 100 60 090 40
85,000 090 57 ---.--
90,000 090 57 090 72
95,O0 .. --- --

100,000 090 79110,000 ... 100 93
ii4,O00 ... 00 i00

NOTES:
T Wind da.,i was taken by the Eniwetok weather station.
2. Tropopause height was 59,000 ft MSL.
3. The surface air pressure was 14.69 psi, the temperature

30.8 0 C, the dew point 730F, and the relative humidity 63%.
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Figure 126. Hodographa for Operation HAWMfACK I -Wahoo,
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OPERATION I RDTACK I - Ho ly

PPG Time GMT Sponsor: IASL
rATE: 21 May 1958 20 May 1958
TIMrE: 0630 1830 SITE: * PPG - Eniwetok - West

of Yvonne, 4,000 f-.
from the nearest edge
of the island
110 32' 38" N

1620 21' 22" E
Site elevation: Sea level

HEIGIr' OF BURST: 13.06 ft

TYPE OF BURST AND PIAMENT:
Surface burst from barge on
water
Water depth: 40 ft

CLOUD TOP HEIGIHT: 15,000 ft MSL

CLOUD BOTTOM !EIGHT: 7,000 ft MSL

RE4ARKS:
Only individual island dose rates are available. Those were obtained

from helicopttr survwy3 mrade by the Radiological Safety organization
at H+4 hours. The helicopter survey techniLue called for the pilot
either to land the airuraft at the des'rtd spot, so that a ground
reading could be obtained, cnr tc make a slow pass over the desired spot
at an elevation of 25 feet. Headints taken at 25 feet w-re multipl.ed .
by a factor of 2 in order to obtain a reasonable approximation of the
true ground reading. The basic instrument used in the aerial surveys
was the AN/PDR-39 sur-,,y meter modified to read up to 500 r/hr. The
t- 1•. decay approximation was used to extrapolate the 1{+4 hour dose
rate readings to 11+1 hour.
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TABLE 41 ENIWETOK WIND IATA FOR OPER'ATION HIARDTACK I - HOLLY

Altitude 11-_ hour 11+5j hours II+10', hours
(MSL) Dir 'Speed Dir -Speed Dir speed
feet degrees mph degrees mph degrees mph

Surface 080 16 090 23 080 23
1,000 080 24 080 26 070 6
2,000 080 26 080 26 070 24
3,000 080 26 080 24 080 24
4,ooo 080 24 070 22 080 26
5,o000 080 23 070 17 o8o 24
6,O00 090 14 080 17 070 20
7,000 100 10 100 17 o8o 16
8,000 120 12 120 14 110 17
9,000 150 12 140 14 120 14

10,000 18o 12 150 10 150 0912,000 210 05 210 10 210 05
14,000 280 10 24o 05 270 02
15,000 (270) (07) (200) (05) (300) (o5)

6,0ooo 250 05 150 05 320 07
18,000 220 05 120 02 280 09
20,000 220 09 220 10 24o 12
23,000 250 12 260 09 210 10
25,000 270 13 290 05 240 10
30,000 280 24 280 09 24o 21
35,000 ...-- 280 22 270 20
36,000 270 24 -....-- --
40,000 220 22 200 30 190 39
45,000 210 38 210 43 210 32 ,
50,000 230 20 270 17 270 18

NOTES:
1. Numbers In parentheses are estimated values.
2. Wind data was taken by the Eniwetok weather station.
3. Tropopause height was 52,000 ft MSL.
4. The surface air pressure was 14.65 psi, the temperature 27°C9

the dew point 750F, and the relative humidity 75%.
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Figure 128. Hodographs for Operation 1{ARDflACK I -Holly.
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OPERATION HFRDlAMC I - Nutmeg

PPG Time GMT
IYTE: 22 May 1958 21 May 1958 Sponscr: UCRL
TIME: 0920 2120

SITE: PPG - Bikini - West end Tare
noe 29' 46" N

1650 22' 15" E
Site elevation: Sea level

HEIGHT OF BURST: 12.11 ft

TYPE OF BURST AIMD !IACIENT:
Surface burst from barge on
water

CLOUD TOP HEIGHT: 20,000 ft MSL
CLOUD BOTTOM HLEIGHrT: N4

REMARS:

Only individual island dose rates are available. These were obtained
from helicopter surveys made by the Radiological Safety organization at
H+4 hours. The helicopter survey technique called for the pilot either
to land the aircraft at the desired spot, so that a ground reading
could be obtained, or to make a slow pass over the desired spot at an
elevation of 25 feet. Readings taken at 25 feet were multiplied by
a factor of 2 in order to obtain a reasonable approximation of the
true ground reading. The basic instrument used in the aerial surveys
was the AN/PDR-39 survey meter modified to read up to 500 r/hr.
The t- 1 -2 decay Ltpproximation was used to correct the H+4 hour dose-
rate readings to 11+1 hour.
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TABLE 42 BIKINI WIND tATA FOR OPERATION IARDTAo( I- NUIf4FG

Altitude H-hour 11+21 hours H+8t hours
(MS) Dr Speed Dir Speed Dir p-_ed
feet degrees mph degrees mph degrees mph

Surface 090 16 080 16 080 14
1,000 090 16 070 18 070 14
2,000 090 15 070 16 080 15 1
3,000 090 18 080 18 080 14

4,000 090 18 090 15 090 09
5,000 090 16 120 14 090 12 1
6,000 100 17 110 17 110 09
7,000 090 18 ioo 20 110 14
8,000 070 18 080 20 080 14
9,000 090 18 090 23 090 1A

10,000 100 17 100 20 110 14
12,000 080 10 130 16 120 1h
14,000 120 10 150 12 140 14
15,000 (110) (12) (140) (12) (130) %09)
16,000 110 12 120 10 120 06
18,000 220 12 340 10 070 07
20,000 240 08 280 08 310 05
23,000 210 09 190 07 320 07
25,000 230 06 200 15 27C 12
30,000 310 24 310 14 2.60 09
33,000 --- -- -- 220 16
34,000 300 21 ....-- --- --
35,000 --.-- 260 16 --- --
4o,o0o 200 35 200 24 240 14
45,ooo 250 23 --- -- 290 14
50,000 320 10 310 07 200 02
55,0o0 --- -- 080 07 040 c2
57,000 080 07 . -- --- .
60,000 200 06 160 06 250 07
64,ooo --- -- .-- 080 07
65,ooo 090 09 120 08 .....
70,000 110 12 110 08 080 08
72,000 --- -- --- -- 050 08

75,000 080 25 ..-- --- -
80,000 090 36 090 35 090 3
82,000 --- -- 090 38 -..-..
83,000 --- -- --- - 090 22
85,000 090 52 ..... ..... --

NOTES:
1. Numbers in parentheses are estimated values.
2. Wind data was taken on board ship lo-zated within 30

nautical miles ot' the Tower at Nan Island, Bikini Atoll.
3. Tropopause height was 54,000 ft MSL.
4. The surface air pressure was 14.68 pai, the temperature 27.40C,

the dew point 516F, and the relative humidity 7%.ii 216
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Figure 130. Hodographs for Operation HARDTACK I - Nutmeg.
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OPERATION IURDTfACK I - YeI.)owwood

Sponsor: IASL[kTE: 26 May 1958 26 May 1958
TIME: 1400 0200 S1TE: I-PG - Enie'tok - SW of,

"Jacilet ,OO0 ft;

I-O' 39' 37" N" 162c 13' 31" E '"?

Site elevation: Sea level
Water depth: 75 ft

HEIGHT OF BURST: 10.52 ft

TYPE OF BURST AND PLACEMENT:
Surface burst from barge on water

CLOUD TOP ifEIGHT: 50,000 ft MSL
CLOUD BOTTOM HEIGHT: 30,0C0 ft MSL

R4EARKS:

Only individual island dose rates are available. These were obtained
from Radiological Safety organization helicopter surveys at 11+4 hours.
The helicopter survey technique called for the pilot either to land
the aircraft at the desired spot, so that a ground reading could be
obtained, or to nake a slow pass over the desired spot at an elevation
of 25 feet. Readings taken at 25 feet were multiplied by a factor of
2 in order to obtain a reasonable approximation of the true ground
reading. The basic instrument used in the aerial surveys was the AN/PDR-39 . .

survey meter modified to read up to 500 r/hrd The t-rt decay approxi-

hou•r.
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TANE 43 EN'EToK WIND lTA FOR CIPRATION w9R11ACK I - YELOV0OD

Altitude H-hour M-+4 hours H+10 hours
(MSL) Dir Zpeed Dir spd Dir ped
reet degrees mph degrees mph degrees mph

Surface 090 14 OO 18 080 15
1,000 090 16 080 2 080 18
2,000 090 16 080 137 080 18
3,000 090 18 080 17 090 18
4,000 MOo 17 090 15 100 16
5,000 080' 16 090 12 100 12
6.000 070 13 080 09 100 12•,7,000 060 13 070 09 090 12
8,000 050 09 070 12 090 15
:9,000 050 10 070 12 090 15

10,000 050 08 060 13 090 09
12,000 01O 12 050 14 030 12
14,000 050 07 020 09 360 12
15,oO (060) (0o) (030) (08) (36o) (08)16,0o0 070 071, 040 07 3 50 06
18,000 060 20 060 12 100 06
20,000 0U(0 30 060 14 090 09
23,000 090 18 080 18 O80 20
25,000 100 22 090 18 090 16
30,000 080 29 070 23 o0o 29
35,000 110 30 090 23 050 23
4o,ooo 070 3 1 080 36 o90 30
45,000 080 32 090 29 080 32
50,000 090 24 090 17 090 23
55,000 050 2 050 32 050 24
60,000 070 23 06o 20 030 24
65,ooo 06o 09 050 16 080 21
70,000 090 07 100 23 080 21
75,o000 08o 43 100 38 110 35
80,000 100 49 100 48 090 55
85,000 100 51 080 59 090 60
90,000 100 57 090 54 090 61
95,000 100 63 090 53 .....

100,000 090 76 090 79 .....
1.5,000 080 86 090 94 .....
110,000 c80 79 090 109 ..
115,000 100 105 090 105 ---..
120,000 110 112 100 92 ---..
122,000 -. 100 90 ---..

123,000 110 11n4 -.. --. ..

NOT'ES:

1. Numbers in parentheses are estimated values.
2. Wind data was tuken by the Eniwetok weather station.

The surface air ressure was 14.66 patl the temperature 30.60C,

the dew point 73 FP and the relative humidity 63%.
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OPERATION HMRDAOCK I - Magnolia

PPG Time GMT Sponsor: IASL
DATE: 27 May 1958 26 May 1958
TIME: 0600 1800 SITE: PPG - Eniwetok - SW of

Yvonne, 3,000 ft from
the nearest edge of the
island

110 32' 34" N
1620 21' 14" E

Site elevation: Sea level

HEIGHT OF BURST: 13.88 ft

TYPE OF BURST AND PIACEIr5r:
Surface burst from barge cn

water

CLOUD TOP 1TIGIiT: 44,00C ft MSL
CLOUD BOTTCM HEIGHT: 115,000 ft >.

RPKARKS:

Only individual island dose rates are available. These were obtained
from helicopter surveys made by the Radiological Safety organization at
H+4 hours. The helicopter survey technique called for the pilot either
to land the aircraft at the desired spot, so that a ground reading
could be o~tained, or to make a slow pass over the desired spot at an
elevation of 25 feet. Readings taken at 25 feet were multiplied by
a factor of 2 in order to obtain a reasonable approximation of the true
ground reading. The basic instrument used in the aerial surveys was
the AN/PDR-39 survey meter modified to read up to 500 r/hr. The t-1-3
decay approximation was used to extrapolate the H+4 hour dose-rate
readings to 11+1 hour.
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TABLE 44 ENIWETOK WIND ATA FOI OPIATION MRDTAA( I- MAGNOLIA

Altitude H-hour 1146 hours 11+11 hours

(MSL) Dir - _Speed Dir Sp 'e d Dir',cd
feet degrees mph degrees Mph degrees mph

%rface 090 16 110 16 090 12
1,000 080 14 100 16 080 14
2,000 080 14 100 14 100 09
3,000 090 14 100 10 080 094, 000 100 15 ioo 09 090 07
5,000 120 10 090 09 090 08
6,000 1,20 07 070 07 090 06
7,000 080 05 070 07 060 03
8,0oo 070 08 070 09 020 06
9,000 070 09 060 09 040 06
10,000 070 09 060 09 030 03
12,OCO 060 09 14o 03 260 03
14,000 040 12 110 o6 150 05
15,000 (040) (14) (110) (no) (os)
16,000 050 05 100 09 080 05
18,000 100 09 190 09 080 o9
20,000 130 09 090 12 070 12
23L000 090 16 O70 14 050 15
25,000 080 12 O60 14 020 13
30,000 060 31 060 31 030 21
35,000 060 25 O4O 20 030 23
40,00oo 080 24 060 30 050 25
45,000 O90 39 060 2 020 18
50,000 040 24 020 30 350 16
55,000 050 23 050 35 050 28
60,000 050 31 050 25 080 20
65,000 100 15 070 23 100 16
10,000 080 18 110 22 090 21
75,000 090 31 110 32 090 24
80,000 090 49 100 52 100 48
85,00o0 090 71 100 64 090 61
90,000 090 78 100 64 090 69
91,000 090 78 --- --....
95,000 --- 100 68 080 71

100,000 ..... 100 69 080 6k
105,000 --- i00 80
110,000 --- . 100 99 .....113,000 --- 100 101 .....

1. Numbers in parentheses are estinmted values.

2. Wind data was taken by the Enlwetok weather station.
3. Tropopauso height was 54,O00 rt MSL.
i4. The surface air pressure was 14.66 psi, the temperature 26.80C,

the dew point 72•F, and the relative humidity 76%.
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OPERATION HIPRUrACK I - Tobacco

PPG Time GMT Sponsou': IASL
IaTE: 30 May 1958 30 May 1958
T : i415 0215 SITE: PPG - Eniwetok - 3,000 ft

NW of Janet
110 39' 48" N

1620 13' 48" E
Site elevation: Sea level

TYPE OF BUR'T AND PIAC•MIT:
Surface burst from barge on
water

CLOUD TOP MEIGHT: 18,000 ft MSL
CLOUD BOTOM '1'IIGHLT,: M4

REMARKS:

Orily individual island dose rates are available. These were obtained
from helicopter surveys made by the Radiological Safety organization at
H+4 hours. The helicopter survey technique called for the pilot
either to land the aircraft at the desired spot, so that a ground
reading could be obtained, or to make a slow pass over the desired spot
at an elevation of 25 feet. Readings taken at 25 feet weie multiplied
by a factor of 2 in order to obtain a reasonable approximation of the
true ground reading. The basic instrument used in the aerial surveys
was the AN/PDR-39 survey meter modified to read up to 500 r/hr. The
t-1 -8 decay approximation was used to extrapolate the 11+4 hour dose
rate readings to H+1 hour.
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mkiE 45 UNIWWM WIND MTA MR OPIATION IARUTACK I- OAMC0

Altitude _'. •: hour 343:-1 hours IF9.-. hours+
(14SL) 7r Speed Dir - Spetd Dir Opeed
feet degrees mph degrees Mtph degrees mph

Surface 080 I4 080 23 120 28
1,000 080 24 080 26 090 24
2,000 080 36 080 29 100 28
3,000 090 21 090 29 110 30
4,000 090 16 090 26 120 255,000 090 114 100 22 130 22

6,000 090 17 100 22 110 22
7,000 090 22 110 21 1140
8,000 100 21 130 16 130 L9
9,000 110 18 110 16 120 32

10,000 130 20 110 20 110 3312,00•140 114 120 09 100 29
114,000 130 10 130 07 12M 19
15,000 (130) (1) (130) (06) (13)
16,000 120 13 130 05 110 09
18,000 120 12 130 02 110 09
20,000 120 12 110 02 110 17
23,000 130 14 14o 05 120 18
25,000 120 12 130 07 150 16
'0,000 190 07 200 03 210 07
35,000 240 15 P30 12 210 09
40,000 200 17 220 14 210 26
45,000 200 17 220 25 230 26
50,000 230 17 230 18 270 12
55,000 290 07 220 05 240 08
60,000 070 08 070 13 100 18
65,000 oo30 24 11o 18 16o 12
70,0V- 110 17 070 23 070 24
75,O30 090 35 090 37 090 38
8o,ooo 090 48 100 55 090 57
85,00 o100 68 1oo 68 090 69
90,000 100 69 100 69 090 71
94,000 --- 090 71
95,000 100 71 090 69 ..

100,000 100 77 090 69 ..
105,000 100 72 100 76 ..
110,000 090 77 ........
118,000 090 95 .....

NOTES:
1. Numbers in parentheses are estimated values.2, . Wind data was taken by the Eniwetok weather station.
3. Trepopause height was 55,000 ft MSL.
14. The surface air pressure was 114.65 psi, the tcmperature 28.9PC,

the dew point 75 F, and the relative humidity 74%.
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OPkMATION IA•RDYACK I - Sycamore

PPO Time _ __ Sponsor: UCRL
roTE: 31 May 1958 31 May 1958
TIME: 1500 0300 SITE: PPG - Bikini - SW of

Charlie 4,000 ft from
the nearest edge of the
island
110 41' 27 ' N

1650 16' 25" E
Site elevation: Sea level

L

HEIGHT OF BURST: 11.64 ft

TYPE OF BURST AND PIACEMENT:
Surface burst from barge onwater

CLOUD TOP ItIGHT: 46,000 ft MSL
CLOUD BOTTOM I-'IGPT: NM

REMARKS:

Only individual island dose rates are available. These were obtained
from helicopter surveys made by the Radiological Safety organization
at H+4 hours. The helicopter survey technique called for the pilot
either to land the aircraft at the desired spot, so that a ground
reading could be obtained, or to make a slow pass over the desired
spot at an elevation of 25 feet. Readings taken at 25 feet were
multiplied by a factor of 2 in order to obtain a reasonable approximation
of the true ground reading. The basic instrument used in the aerial
surveys was the AN/PDR-39 survey meter modified to read up to 500 r/hr.
The t-' ° decay approximation was used v extrapolate the H+4 hour
dose rate readings to 11+1 hour.
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TABLE 46 BIKINI WIND •ATA FOP OPFMATION HARDTACK I - SYCAMORE

Altitude H-hour 11+3 hours H+9 hours
(MSL) D Speed Dir Speed .ir Dlr..ed
feet degrees mph degrees mph degrees mph

Surface 090 12 100 17 070 21
1,000 110 P-2 090 21 080 22
2,000 100 23 090 22 080 24
3,000 110 28 090 2. 080 25
4,0ooo 110 24 100 23 090 23
5,000 110 18 110 22 030 18
6,000 1.110 14 110 18 Q90 15
7,000 100 17 110 18 100 15
8,000 100 07 100 18 100 15
9,000 110 14 100 17 090 20

10,000 120 16 110 16 130 14i2,000 120 16 110 16 130 164, ooo 080 15 090 1? 100 17 '
15,nOo (080) (13) (070) (l (09o) (15)
16,000 090 12 050 080 14
18,000 120 100 09 1o 07-
320,000 130 18 14 12 i20 O
23,,000 16o () 230 17 090 (8
25, t000 1o 33 200 (1 010 26
30,000 O01 09 o2o 13 260 13
33,000 270 o6 080.0..... --
53,000 100.35...- 

-
-053 000o (26o) (12) 28o 17 (14o) (13)

60,000 220 26 130 23 130 2345,00.i 230 24 (29) (17) 300 25
5,o000 280 18 280 12 270 08
53,000 ... 080 06 .....
55,000 (150) (24) (080) (30) 090 26
57,000 0o0 35 ......-
60,000 120 56 100 53 090 5

815,000 10--5 --.

•65O00 080 16 ...... •
66,000 --- -- 060 .30 .... 4
90,00 00 -- 102 090 31 090 29
75,000 090 38 099 ---. -.80,000 100 55 oo53 090 53 .
81,ooo 100 58 ......
85,000 --- -- .-- 090 819o,o0Do ... o 59 080 75
91,O00 ... 090 59...

NOTES.
SNumbers in parentheses are estimtted values.

2. Wind data was taken on board ship located within 30 nautical
miles of the TOwel. on Nan Island, Bikini Atoll.
Tropopause height was 55,000 ft MSL.
The surface air prepsure wns 1I•.62 psi, the temperature 28.60C,
the dew point 74 oF sed the relative humidity 73%.
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OPERATION HARDTACK I - Rose

PPG Time GMtT Sponsor: IASL

DATE: 3 June 195 2 June 1958

TIME: 0645 1845 SITE: PPG - Eniwetok - SW of
Yvonne 4,000 ft from the -I
nearest edge of the island

Site elevation:. Sea level

HEIGHT OF BURST: 15.43 ft

TYPE OF BURST AND PIACEMENT:
Surface burst from barge on
water

CLOUD TOP HEIGHT: 17,000 ft MSL
CLOUD BCYlTCM HEIGHT: 5,000 ft MSL

REMAM,•KS:

Only individual island dose rates are available. TheSe were obtained
from helicopter surveys made by the Radiological Safety organization
at H+4 hours. The helicopter survey technique called for the pilot
either to land the aircraft at the desired spot, so that a ground
reading could be obtained, or to make a slow pass over the desired
spot at an elevation of 25 feet. Readings taken at 25 feet were
multiplied by a factor of 2.in order to obtain a reasonable approxi-
a.tion of the true ground reading. The basic instrument ustd in the

aerial surveys was the AN/PDR-39 survey meter modified to read up
to 500 r/hr. The t-1 .2 decay approximation was used to extrapolate
the H+A hour dose-rate readings to H+l hour.
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TALE 47 DIWETOK WIND DTA FOR 0PERATION IRRMAC( I - ROSE

Altitude ll-' hour H+5r hours
(MSL) Dir Spe4ed Dir flpeaed
feet degrees mph degrees mph

Surface 080 25 070 23
1,000 070 26 060 22
2,000 080 26 070 24
3,000 06o 24 070 25
4,000 080 21 080 20
5,000 080 20 090 17
6,000 090 22 080 21
7,000 080 28 070 24
8,000 070 29 060 22
9,000 070 25 060 18

10,000 070 23 080 14

12,000 070 10 130 12
1i4,000 060 02 110 09
15,000 (070) (05) (i1o) (o8)
16,000 080 07 120 07
18,000 110 12 120 13
20,000 130 09 130 17
23,000 100 22 100 15
25,000 100 24 100 23
30,000 090 15 090 21
35,000 14o 09 090 15
40,000 180 29 130 24
45,000 160 21 160 3.1
50,o0t' 24o 07 090 09
55,, 060 24 090 21

1•,W" 100 28 120 20
65,000 050 22 060 23
70,000 090 33 100 38
75,000 ...-- 110 35
77,000 110 45 ...--
80,000 --- 110 43
85,000 --- 090 42
90,000 --- 090 54
95,000 --- 100 65

100,000 --- 100 76105,000 .. 100 84

1'0,or p t 080 70

NOTVS
I, Numbers in parentheses are estimated values.
2. Wind data %,-a taken by the Eniwetok weather

' |stat ion.3. Tropopaur .. .ght was 57,000 ft MSL.

4. The surfL--. air gressure was 14.62 psi, the
temperature 27.2 C, the dew point. 740F, and
the relative humidity "79%.
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OPERATION HARDTACK I - Umbrella

PPG Time CMf Sponsor: DOD
MTE: 9 June 1951 T June L15
TIME: 1115 2315 SITE: PPG Eniwetok - NNE of

Henry
110 22' 51" N

1620 13' 09" E
Site elevation: Sea level
Water depth: 150 ft

HEIGHT OF BURST: 150 ft underwater

TYPE OF BURST AND PLACEME!'T:
Sub-surface burst on lagoon
bottom

A
REMARKS:

The pattern was obtained from a total of about 80 points which is
really too few to place much reliance on the rather pronounced lobing
of the downwind contours. "Nearly all of the total gamma dose occurred
within 25 minutes after zero time and was due to the passage of air-
borne radioactive material. Gamma doses in excess of lOOr occurred
within the first 15 minutes at downwind distances less than 14,000 feet.
The residual field due to deposited radioactive material was relatively
insignificant, although radioactive foam may represent a radiological
hazard."
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Thai 48 EIWETOK WRID ITA 1F0 OPEATION HAIRACK1- Ij4UMUU

Altitude H.- hnur H.+b:, hours
(.M) Dir Sp."eed Dir -U-eed

det degrees mph ,ýrees Mph

Surface 060 23 070 23
1,000 050 26 ....-
2,000 060 24

1O2o0 070

410080 060

5,OO0 080 99
,ooo 090

T,000 050 06 307
8,000 100 11 257
9,000 100 20

50,000 100 21
12,000 110 18 1.0.0
60,000 1M0 15 070 09
16,000 100 09 060 15
18,o0o 160 05 coo 07
80,000 070 57 190 05
23,000 090 62 030 09
25,000 080 66 36o 053osooo 050 06 350 17
35,000 330 14 250 15
400,000 2 60 1 270 1545,000 270 15 200 29
50,000 280 10 200 20
55,000 160 08 150 06
60,000 140 07 0o 08
65P000 090 24+ M. 22
70,000 100 20 080 16
75,000 100 45 ---...
80,000 100 57 090 57
85,000 090 57 --- -
9o,000 090 62 09 .
9 65,000 090 63 -..
99,0 ... 090 56100,000 090 60 ....

105,000 090 58 --

SWind data was taken by the Eniwetok weather station. ,
2. Tropopause height was 54,000 ft MSL.
3. The surface air pressure was 14.66 psi, the temperature

300C, the dew Point 720F, and the relative humidity63%.
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OPERATION IARDTACK I - Maple

PPG Time CRT Sponsor: UCRL
ATE: 1U June 1958 10 June 1958
FIT : 0530 1730 SITE: PPG - Bikini - South of

Fox
110 41, 14" N

1650 24,' 541" E
Aite elevation: Sea level

JEGHT OF BURST: 11.58 ft

TYPE OF BURST AND PIACM4EINT:
Surface burst from barge on
water

CLOUD TOP HaIGmm: 40,ooo ft MSL
CLOUD BOTTOM IL"LGIM: W4

RFMiRKS:

Only individual island dose rates are available. These were obtained
from Hadiologic-:. Safety organization helicopter surveys at H+4 hours.
The helicopter survey technique called for the pilot either to land
the aircraft at the desired spot, so that a ground reading could be
obtained, or to make a slow pass over the desired spot at an elevation
of 25 feet. Readings taken at 25 feet were multiplied by a fact or
of 2 in order to obtain a reasonable approximation of the true ;round
reading. The basic instrument used in the aerial surveys was the
AN/PDR-39 survey meter modified to read up to 500 r/hr. The t-'"
decay approximation was used to extrapolate the H+4 hour dose-rate
readings to 11+1 hour.
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TABLE 49 BIKINI WIND DkTA FOR Op!ATION wuIErAaK I - MAPLE

Altude l+It hour 11+6.rs hours h+2jours

i(MSL) Dir Speed Dir Speed Dir speed
feet degrees mph degrees mph degrees mph

Surface 080 25 0.0 25 050 21
1,000 080 23 070 22 070 23
2,000 080 24 070 20 070 23
3,000 080 23 080 17 080 21
4,000 100 22 090 14 090 20
5,000 110 22 120 17 100 20
6,000 120 22 140 20 110 16
7,000 130 18 150 18 100 13
8,ooo 140 20 150 18 110 09
9,000 130 20 14o 16 110 12

10,000 130 18 130 20 110 I1
12,000 100 24 120 20 120 .31.
14,000 080 21 14o 24 120 .19 1
15,000 (080) (22) (140) (21) (130 ;f
16,000 080 24 140 18 13C;.
18,000 140 29 120 24 150 • T.
20,000 14O 28 130 26 130 '.5
23,000 130 21 1b'0 15 120' 20
25,000 190 IQ 190 08 330 18
30,000 270 20 280 09 280 18
35,ooo 250 38 (285) (17) (285) (17)
40,000 270 33 290 25 290 17
45,000 310 24 (315) (24) 350 26
50,000 330 20 34n 23 350 24
54,000 070 03 --- ..-- --
55,000 (080) (06) (350) (06) (250) (or)
56,000 -- .-- 350 02 230 C7
60,000 100 14 130 13 360 08
63,000 ... ..-- .- 100 22
65,000 070 33 --- .... . .-
70,000 090 21 090 25 080 24
75,000 090 32 ---.-- ---
80,000 090 58 090 56 090 60
83, 000 --- -- 100 61
810,o0o -. 90 6 --
85,000 090 65 --- .
90,000 090 79 ... ..

NITES-
tNinbers in parentheses are estimated values.

2. Wind data was taken on board ship located within 30 nautical
miles of the Tower at Nan, Bikini Atoll.

Tro~poause height was 53,000 ft MSL."The.surface air pressure was 14.66 psi, the temperature
.7.O°C, the dew point 740F, and the relative humidity 81%.
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OPERATION HAIRrACK I - Aspen

PPG Time me Sponsor: UCTL
ZTE: 15 June' .1958 1. une 1958
TIME: 0530 1730 SITE: PPG - Bikini - SW of

Charlie 4,000 ft from
the island
i10 41' 27" N

1650 16' 24" E
3ite elevation.: Sea level

HEIGHT OF BURST: 10.82 ft

TYPE OF BURST AND PIACMENT:
CLOUD TOP HEIGHT: 48,600 ft Surface burst from barge on
CLOUD BOT-OM HIEIGHT: NM water

~1

RE1ARKS:

Only individual island dose rates are avallable. These were obtained
from Radiological Safety organization helicopter surveys at H+4 hours.
The helAcopter survey technique called tor the pilot either to land
the aircraft at the desired spot, so that a ground reading could be
obtained, or to make a slow, pass over the desired spot at an elevation
of 25 feet. Readings taken at 25 feet were multiplied by a factor
of 2 in order to obtain a reasonable approximation of the true ground
reading. The basic instrument used in the aerial surveys was the
AN/PDR-39 survey meter modified to read up to 500 r/hr. The t-l'O
decay approximition was used to extrapolate the H+4 hour dose rate
readings to H+1 hour.
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TAM1E 50 EDINI WIND MIA FOR OPWATION :MMACK xI ASPEN

"Altitude H+r our H+9. hours H-.÷•j hour "
(NMI~ Dir Speed Dir Speed I~i
feet degrees mph degrees mph degrees mph

050 21 060 21 060 23
070 22 060 22 070 24

AM0: 080 21 060 22 070 24
3,000 090 21 070 22 070 22
. ,000 090 21 090 24 070 24
5,00oo 090 20 090 25 070 24
6,000 100 22 .. 090 22
8,000 110 22 --- 090 12•.8,o00 lO 22 ---... 080 23
9,000 120 23 100 22 080 21

1i0,000 110 14 100 22 080 17
12,000 110 16 100 13 090 17 1
14-,000 120 10 110 15 090 15

15,000 (110) (12) (110) (16) (090) (16)
16,000 110 13 110 17 090 18
18,o000 120 13 no i11 090 17
20,000 120 13 120 18 090 17
23,000 140 21 120 17 100 15
25,000 150 23 130 21 120 18
30,000 !60 26 140 23 130 23
35,Oo0 170 29 (140) (26) (150) (24)
37,000 --- - 140 28 ... .-
40,000 150 26 200 33 170 25
44.,,000 --.-- -- 180 46
45,000 160 23 ....-
50,000 190 30 190 28 200 20
5 4, 0 0 0 1.0 0 14 ---..
55,000 (110) (13) (110) (18) (150) (12)
56,ooo -.... 110 10
57,000 ... 070 15 -.-
60,000 150 08 060 17 100 20
6eoo0 060 20 ---..
64,Oooo .10 - --- 08ý66,*000 ... 120 ... .
70,000 090 29 090 23 060 23

O000. 060 5.
890000 -- ;T

• 7u~oo • . ... ... .. 080 8•
I. 89,0000 ... .... 10 57

Vanbers in parentheses are eatimuted values.
2. Wind data was taken on board ship located within 30 nautical

miles of the Toer at-Nan, Bikini Atoll.

.,the dew Point 7°F, and the relative humidity 78.
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OPERATION HIARTDTACK I - Walnut

PPG Time G4T Sponsor: IASL
roTE: 15 Jun 1958 1 Jun 1958
TM: 0630 1830 SITE: PPG - Eniwetok - 5,000 ft

SW of Janet

110 39' 37" N
1620 13' 31" E

Site elevation: Sea level

HEIGHT OF BURST: 7.21 ft

TYPE OF BURST AND PlACalEET:
Surface burot from barge

CLOUD TOP HEIGHT, 61,000 ft MSL on water
CLOUD BOITOM HEIGHT: NM

RE4ARKS:

Only individual island dose rates are available. These were obtained

from Radiological Safety organization helicopter surveys at H+4 hours.

The helicopter survey technique called for the pilot either to land

the aircraft at the desired spot, so that a ground reading cc:ild be

obtained, or to make a slow pass over the desired spot at an elevation

of 25 feet. Readings taken at 25 feet were multiplied by a factor of

2 in order to obtain a reasonable approximation of the true ground

reading. The basic instrument used in the aerial surveys was the

AN/PDR-39 survey meter modified to read up to 500 r/hr. The t"1 3

decay approximation was used to extrapolate the H+4 hour dose-rate

readings to H+3 hour.
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.T .-

N S1 WIIWIVMC WIND DT' FCI H &RIrAC I- UL

Altitude H-4 hour 1145i hours R+1O hOurS

(MM) r S. d MIr Sped DIVr Speedfe t d ilf• I mp de gr e s mph de gree s Up~h

SSurface 070 16 100 17 080 17
1,000 070 22 070 25 060 17
2,000 080 22 080 20 070 21S3,t0o 090 22 1OO 20 080 21.

4&,000 090 22 100 20 O90 21S5,000 090 20 1.oo 1ý 090o2
6,000 090 17 110 21 090 26
T 7000 090 15 110 21 090 24

S8,000 090 1C 110 17 1 20
9,OCo 100 15 1n.0 100 16

10,0,oo 100 15, 100 15 120 17
12,000 090 15 120 10 090 12
14,000. 110 17 110 08 110 07
15,000 (11o) (20) (120) (09) (110) (08)

i 16,000 110 23 130 12 110 09
18,000 110 23 1M 22 120 15
20,000 110 21 130 20 120 14
23,000 150 14 110 07 130 14
25,000 200 13 130 07 14o 18
30,000 180 29 160 11. 170 24
35,000 .190 24 160 29 (170) (26)
Ie0,ODO 210 26 160 28 170 28
1k5,000 150 16 160 26 170 45
50,000 1140 16 180 30 210 28
55,000 110 09 170 06 ..
57,000 ---.-- -- 050 15
60,000 o8W 20 080 17 090 20
65,ooo 100 26 U1o 30 (090) (23)
70,000 090 29 090 28 080 28
75,000 090 48 090 39 (080) (38)
98,000 090 57 090 53 090 59
85,000 090 69 090 69 -
90,000 090 73 100 76 080 1
91 ,000 090 73 --

95,000 -. -- T00 77-
100,000 . .. 100 90 090 83
105,000o0o 090 91• 090 8

S1.N• mbers in parent, hebes are strimated values.
2. Wind data was taken by the Nniwetok weather station.S• •' 3.Tropepause height was 54•,000 •'t MS.•

The s •fep n, 'a, 1 .6p, the temperature 27.dC,
thedew]ýont76 F# and the reluttve humidity 84%.
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OPERATION Hi:'FACK I Linden

FPG Time GMT Sponsor: LASLroTE: 18 Jun 1958 1-8-Jun 1958'
'IME: 1500 0300 SITE: PPG - Dhivetk- West of

Yvonne) 4,000 ft from
the island

11i 32' 39" N
1620 21' 23" E

Site elevation: Sea level
Water depth: 33 ft

HEIGHT OF BURST: 8.25 ft

TYPE OF BURST AND PIACE24ENT:

Surface burst from barge on
water

CLOUD TOP HMIGHT: 20,000 ft MSL
CLOUD BOTTOM IHEIGHT: 10

RMARKS:

Only individual island dose rates are available. These were obtained
from helicopter surveys made by the Radiological Safety organization
at 11+4 hours. The helicopter survey technique called for the pilot

either to land the aircraft at the desired spot, so that a ground
reading could be obtained, or to make a slow pass over the desired
spot at an elevation of 25 feet. Readings taken at 25 feet were
multiplied by a factor of 2 in order to obtain a reasonable approxi-
mation of the true ground reading. The basic instrument used in
the aerial surveys was the AN/PDR-39 survey meter modified to read up
to 500 r/hr. The t' 1 -7 decay approximation was used to extrapolate
the H+4 hour dose-rate readings to H+1 hour.
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TwLx 52 EH1l'WoK WIND [ATA FOR OP!PATION WMA*CK I - LIUWD

! • itiu'de IF-hour ' "=-H+3 holurs 114 l.hours-

feet degrees mph degrees mph degrees miph

Surface 110 18 110 18 070 16
1,000 090 17 080 1P ---
2,000 100 1& 080 15
1,000 1W0 12 090 09 ---

9000 110 07 080 09 --
5,000 120 09 110 10 ---
6,000 1M0 09 1n0 08 ...
7,000 13 05 130 07 120. ..
8,000 I10 05 100 05 .3. ..
9,000 110 20 080 27 .20..

10,000 100 15 090 09 ...10
2, 000 110 13 140 L3 .40.0
30,000 060 15 107 09 ...80

35,000 (10)0 254 (120 0120 12)

16,000 13o0 7 130 14 320 13
18,000 nio 90 25 137 18
40,000 100 20 13o 23 320 16
53,000 030 16 010 12 1300 o
55,000 12o 13 14o 13 100 17
30,000 060 15 070 13 080 27
35,000 070 35 --- 090 12
70,000 300 37 0100 33 20 1341,000 --- .-- 90 17 ... ..
45,000 310 13 3.. 22
50,0OO 030 07 010 07 060 07
55,000 20O 15 I-0 13 POO 14
6o,ooo 000 16 090 09 090 23
65,000 090 37 ... -- 090 26
700,000 100 38 100 33 -. --75s000 120 40 ... ...
80,000 100 48 10 52 ...
85,000 09C. 63 ... ..
90o0o0 090 69 00 74 ...
95,000 09% 85 ... ...

100,000 100 1iO10 95 ...

NOTES:
F-. Numbers in parentheses are estimated values.
2. Wind date was taken by the Eniwetok Aea1her station.
3. Tropopause height was 54,000 ft MSL.
,. The surface air pressure was 14.65 pal, the temperature 31.2 0 C,

the dew point 77.50oF, and the relative humidity 71%.[.S

' ,256



0 10: 20 30

32.5 Rise rate: 5000 ft,/ hr

a ~~32.5 3.
27 ..5 27.5

22.5 275 22'.5

22.75
17.5

12.5 17.5

12.5

7.5 7
7.55

ss2.52.

H-Hour H+3 H +9

SFigure 15o. Kocioraphs f~or Operation HAPITACK I -Linden.
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OPEIRATION HARMYACK I - * Redwood

MPG Time GM 4=46sr: UCRL
METI: 28 Jun,1959 27 Jun 1958
TIME: O'0"30 1730 SITE: PPG - Bikini South of Fox

- 1,0 41, '141 N
1650 24' 54" E

Site elve'ýtion: Sea level

HEIGHT OF BURST: 10.79 ft

TYPE OFOBURST AND PIACE!.ooT:
Surface burst from barge on

water

CLOUD TOCP HEIGHT: 51,000 ft MSL
CEOUD BOTTOM IGHT: 28,000 ft msL

,I

MR~K4CS:

Only individual island dose rates are available. These were obtained
from Radiological Safety organization helicopter surveys at H1+4 hours.
The helicopter survey technique called for the pilot either to land

Uthe aircraft at the desired spot, so that a ground rea1ing could be
obtained, or to make a slow parL over the desired spot at an elevation
of 25 feet. Readings taken at L5 feet were multiplied by a factor of 2
in order to obtain a reasonable approxivation of the true ground reading
The basic Instrument used in the aerial surveys was the AN/PDR-39 survey
vtotr modified to read up to 500 r/hr. The t-1e 2 decay approximation
was used to extrapolate the H+4 hour dose-rate readings to 11+1 hour.
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V s. , . - .. ' • - . .. ., .. .

J,.

TA P (' 4B" ",- . •

•TTK I WIM M .TA FOR, O , T I AIf "J.TA( C I CM

""". , hou .I" hours - l+ -. hours
' S1M Dir Spe Sda .. Dr Speed

leet, egrees 'mph derees mph degrees- mph

qurfa-e (fO 23 0$0 23 090 25
1,000 070. 23 090 29 090 33
.,0o 070. 080 29 100 29
4,.0001 070- 2( 32 1013,0Or ,.7C Z3 090 28 100 24..ý0 0,ooo o20z 090 26 100 12
5,000 . 030 18 100 23 110 17
6,0• 100 21 100 22. 110 16

.7,Goo 100 22 12.0 22 110 23
3,000 110 22 120 20 110 25
9,000 110 23 110 18 110 28

10,000 110 23 120 20 110 24S12,000 110 21 110 20 120 25
1 ... o0 11.0 20 120 21 100 24
15,000 (no) (18) (110) (21) (100) (25)
16,000 100 18 110 21 100 26
18,ooo 090 16 120 25 120 29
• 20,000 100 18 110 21 110 23
23,000 080 12 100 22 130 20
25,000 140 12 100 28 140 23
30,000 070 06 --- 120 23

35,oo0 i8o 08 1. i4o 07
40,ooo 170 16 .... 190 074r,oo 00010 26 ... 220 09

- o,(Po 30 24 ..... 040 16
55,000 310 07 . 140o 18
60,000 130 08 --- .. 080 28
65,000.......... 090 41
70,000 ..... .... 100 54
72,00 - - 110 46

NOTES:

1. Numbers in parentheses are estimated values.
2. Wind data was taken on board ship within 30 nautical miles

of the tower at V!an Island, Bikini Atoll.

3. Tropopause height was 52,000 ft MSL.
4. The surface ai.r pressure was 14.65 psi, the temperature 27.3 0C,

-the dew point 76.5 0 F, and the relative humidity 92%. ,
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OPEPATIOP HARDTACK I - Elder

PPG Time GMT Sponsor:., IASL
. 26 JT1ne 1958 27 June 1958

MO.,T.: 0650 1830 SITE: PPG - Eniwetok - SW of

Janet tL,000 ft to
near'-st edge of island
11• 393 48" N

S16,-A 13' 48" E
"Site elevation: Sea level

"HIEIGIH OF BURST: 9.17 ft

TYPE OF BURST AIND PIAC•LeT: .-CWUD TCP HEIGIT: 50,000 ft MSL Surface burst from barg? on
TYUD E05.B"SM TADIGI: WI water."

RE:AM.,s:

Only individuzal island dose rates are available. These were .obtained
from Radiological Safety organization helicopter surveys at H+4 hours.
The helicopter survey technique called for the pilot either to land
the aircraft at the desired spot, so that a ground reading could be

obtained, or to make a slow pass over the desired spot at an elevation
of 25 feet. Readings taken at 25 feet were multiplied by a factor of 2
in order to obtain a reasonable approximation of the true g-ound
reading. The basic instrument used in the aerial surveys was the AN/PDR-39
suirey meter modified to read up to 500 r/hr. The t-1-2 decay approxi-
mation was used to extrapolate the H+4 hour dose-rate readings to H+l.

H hour.
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TABLE S4 EIWLJOK WIND IrA FOR OPERATION )!" MM I ELIDE

Altitude ,H'5Q hour 1 H+5* hours ffH-I-! hours
(MeL) Dir Steed Di r ~ Speed Dir Speed
feet degrees mph degrees mph degrees mph

Surface 080 24 090 17 100 16
l,000 070 26 070 23 100 26
2,000 070 26 090 2-4 1.00 26 A
3,000 080 24 100 24 100 26
4,000 090 22 100 22 100 26
5,•000 090 22 100 24 100 26
6,000 i00 22 110 28 100 26
7,000 120 23 110 23 100 26
8,000 130 21 110 22 100 26

9,000 130 22 100 24 100 30
10,000 120 20 110 26 100 31
12,000 090 *0 100 22 100 26
14,ooo 090 18 100 22 100 26
15,ooo (100) (17) (100) (22) (-10) (15)
16,OOO 110 16 100 22 100 06
18,000 120 13 VC 22 080 33
20,000 110 16 120 22 (060) (20)
q3,000 110 16 120 17 100 18
25,000 090 15 100 14 110 23
30,000 230 16 180 21 140 28
34,000 ----- 16o 38 .
35,000 1go 33 (160) (37) 140. 31
40,000 180 47 160 29 190 26
45,000 180. 23 (220) (21) 24o 07
50,000 180 23 280 13 150 13
53,000 -- 180 13 ----
55,000 120 13 (160) (14) 270 30
60,000 100 26 100 18 110 23
65,000 100 28 --- 090 47 j
70,000 060 46 100 48 0"4 56
75,000 100 47--- -- 090 56
80,000 090 61 090 62 090 61
85:000 090 67 - -- 090 74

90000 090 9 100 87 090 87
95,000 090 90 -- 090 90

S•.100,o000 -100 105 --
105,000 100 117 --
110,000 -- 100 107 --- Ii16o.oo .100 90--

1. Numbers in parentheses are estimated values.
2. Wind data was taken by the Eniwetok weather station.

~.Tropopaime height was 52,000 ft MRL.
* 1," Th. .wrt'too air pressure vwu'; 14.63 pol, the temperatui'e 27.4 0 C. the

d;w pltit 71 0 F, and the relative humidity " 8
264



77.5

72.5

12.

,1.

27.50 440 50

17.5
H12.5

72.5

.44
v -755.



. ..... ..... -I----

OPERATION MRACK I - Ok

PPG Time a4T Sponsor: IASL
DkTE: 29 June 1958 28 June 1957
TIME: 0730 1930 SITE: PPG - Eniwetok - 3 mi

SW of Alice
TOTAL YIELD: 8.9 Wit 110i36, 28" N

1620 06' 28" E
Site elevation: Sea level

FIREDLL DATA: Water depth: 13 ft
Time to 1st minimum: NM
Time to 2nd maximum: 2.98 sec HEIGHT OF BURIST: 6.5 ft
Radius at 2nd maximum: NM

TYPE OF BURST AND PIACINENT:
CRATER DATA: Surface burst from barge on

Diameter: 4,400 ft water
Depth; 183 ft

CLOUD TOP HEIGIT: 78,000 ft MSL
CLOUD BOTTOM HEIGHT: I4

RW4MAS:

Only individual island dose rates are available. These were obtained
from Radiological Safety organization helicopter surveys at H+h hours.
The helicopter survey technique called for the pilot either to land the
aircraft at a desired spot, so that a ground reading could be obtained
or to make a slow pass over the desired spot at an elevation of 25 feet..
Padings taken at 25 feet were multiplied by a factoi of 2 in order to
obtain a rvasonable approximation ot the true ground reading. The basic
instrument used in the aerial surveys was the AN/PDR-39 survey meter
modified to read up to 500 r/hr. The t-1-2 decay approximation wa,.
used to extrapolate the H+11. hour dose-rate readings to H+!. hour.
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Figure 155. Operation HAYEACK I -Oak.

Island dose rates in r/hr at H+l hour.
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UMDL 55 EIW='tK WIND ID1AT FOP~ 0PMTION WMA1LDA I -OAK

Alttude' H+1', hour• . • hours. '.....,+ s• '
.(ML) .Dr Speed Dir Spe D.r -Speed_
feet degrema mph degre• t•ph degrees mph

Sur-face M• 16 0WD 129 100 221,000 09C 22 080 17 100 30

2,000 100 24 080 22 100 30
3,000 100 214 080 22 100 28
4,000 i0o 24 090 20 300 60 I
5,000 110 22 100 20 100 23
6,000 110 20 10 IT I00 16
7,000 120 20 120 17 100 18
8,ooo 120 20 130 17 100 18
9,0W0 130 18 130 17 100 17

1o,000 140 17 130 17 100 1340
12,000 150 16 130 18 120 13
14,ooo 130 18 150 22 130 12 I
15,000 (130) (17) (150) (2 ) (130) (09)
16,000 -.30 17 150 20 130 07
18,000 130 17 150 20 130 07
20,000 130 18 160 20 200 05
23,000 .L40 17 16o _-6 170 12
25,000 14o 22 150 23 170 12
30,000 i4O 16 14o 20 190 09
35,000 -.-- 114o 16 i6o" 10
4o,o00 120 P0 110 16 100 16
44,000 06O 114 ---..
45,000 (o70) (14) 090 18 080 17
50,000 090 13 160 21 110 08
55,000 (0OO) (12) 070 08 o40 12
57,000 110 i2 .. ...
60,000 .. 080 31 080 30
65,ooo --- 090 33 100 35
70,000 --- 090 43 090 14±
75,000 .. 090 56 090 54
80,000 .. 100 67 100 67
85,000 --- 100 97 090 78
9•0,0o -- 090 72 090 84
91,000 .. 090 73 ---
95,ooo ... .. .. -- 090 82

100,000 ... .. ... .. 090 95
105,000 ---O... . ... . 100 106

-110,000 .... .. 100 115
114,000 ---.. 090 121

. ROTES:
T7 Nuaers in parentheses are estimated values.
2. Wind data was taken by the Enivetok weather station.

T: Tropaus heiht wav 50,000 ft ML;, h en.rtr 73S~~The surface air pressure was 14.64 pot, the tempxerature 27.30C, a

the dew point 16.5 0 F, and the relative humidity 87$.
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CL82.5 A, SCALE

LLLLLJ~L~LLJ77.5
0 4080120
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"Rise rate' 5000 ft/hr

675 72.5

62.5
5 9.5 657T5

525T5
47.5 ?52.5 475 52.5 62.5

42.5 7 5
L 575 ~42.5 5.

32.5 32.5 375 271, 475
2 .5o275 22.5HH- 42.5

22.3 17 2. 7.5~ 37
17.5 225 12.5 3.

12.5 12.6 325
7.5. z 5

3 2.5 8 2.5 82.5A

H-Hour H+4/ 2  H-9:12
Figure 156. Hodographs for Operatien H{PNDrACK I - Oak.
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OPEPATION J}iI!ACK I - Iickory

PPG Time anT Sponsor: UCRL
MTE: 29 June 1958 29 June 1956
TIME.: 100 L00 SITE: PPG - Bikini, Off west

end of Tare
110 29' 46" N

165) 22' 15" E
Site elevation: Sea level

HEIGHT OF BURST: 12.11 ft

TYPE OF BURST AND PLACeMEKT:
Surface burst f rom targe on

CLOUD TOP HEIGhT: 24,000 ft MSL water
CLOUD BO7TIM 1121G2: 12,000 ft MSL

CRATER DTA: Not available

REMARKS:

Only individual island dose rat.2s are available. These were obtained
from helicopter surveys made by the Radiological Safety organization at
H+4 hours. The helicopter survey technique called for the pilot either
to land the aircraft at the desired spot, so that a ground reading could
be obtained, or to iske a slow pass over the desired spot at an elevatLon
of 25 feet. Readings taken at 25 feet were multiplied by a factor of 2
in order to obtain a reasonaole approximation of the true ground reading.
The basic instrument used in the aerial surveys was the AN/PDR-39 survey
meter modified to read up to 500 r/hr. The t-'12 decay approximation
was used to extrapolate the H+4 hour dose-rate readings to H+1 hour.
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TABLE 56 BIKINI WIND IDTA FOR OPERATION 1L&RIYACK I - HIKORY

Altitude If-hour H+6 hours H+12 hours
(MST,) Dir Speed Dir Speed Dir Speed
feet degrees mph degrees mph degrees mph

Surface 090 09 050 23 080 17.
1,000 080 23 080 28 080 22
2,000 080 23 080 36 080 24
3,000 080 24 080 36 080. 23
S,000 090 24 090 16 080 21
5,ooo 090 24 090 31 070 20
6,000 090 21 080 29 060 21
7,000 090 •2 090 24 060 21
8,000 090 20 090 22 070 18
9,000 090 17 080 15 090 21

10,O00 100 18 070 12 090 20
12,000 100 14 050 13 070 21
14,,o00 110 15 070 14 070 21
15,000 (100) (17) (070) (10) (070) (21)
16,ooo 100 20 060 08 070 21
18,ooo 110 21 O40 15 06O 23
20,000 110 12 O4O 16 030 15
23,000 100 09 030 06 o0o 09
25,000 060 06 --.-- 010 16
30,000 Calm Calm 010 07 050 03
35,000 160 08 100 08 110 12

-0,00-- -- 110 09 070 08
45,000 --- 040 20 020 14
50,000 --- 14o 10 060 03
55,0o0 .. 350 12 350 28
6o,000 .. 070 4o 080 35
65,000 .. 120 25 090 18
70,000 .. 070 41 00 62
72',000 .. 060 41 --...

NOTES:
1. Numbers in parentheses are estimated values.
2. Wind data was taken on board ship within 30 nautical miles of :

the tower at Nan Iuiand, Bikini Atoll.

3. Tropopause height was 51,000 ft MSL.
4& . The surfnce air pressure was 14.65 psi, the temperature 27.8 0C,

the dew point 81.3 0 F, and the relative humidity 84f.
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Rise rate: 5000 ft/hr

275,32.5 27.5 32.5

225 22.5 27.5
22.5

12.5 

12.5

.7.55

25.5 
12.5

•:H--Hour. 
H+6 H+I2

-4. 
Figure 158. Hodogm•phs tor Operation I'{AJDI'ACK I - Hickory.
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OPERATION IA1DTACK I - Sequoia

PPG Time am Sponsor: LASL ,

DATE: 2 July 1958 1 July 1958
TIME': 0630 1830 SITE: PPG - Eniwetok - mi

west of Yvonne
1i.0 32' 39" N

1620 21' 23" E
Site elevation: Sea level

WGIG OF BURST: 6.5 ft

TITE OF BURST AND 1LACEKENT:
Surface burst .from barge

CLOUD TOP HEIGH1T: 17,0OO ft MSL on water
CLOUD BOTTOM HEIGHT: NK

Only individual island dose rates are available. These were obtained
from Radioiogical Safety organization helicopter 5urveys at 11+4 hoars.
The helicopter survey technique called for the pilot either to land
the aircraft at the desired spot, so that a ground reading could be
obtained, or to make a slow pass over the desired spot at an elevation
of 25 feet. Readings taken at 25 feet were multiplied by a factir
of 2 in order to obtain a reasonable approximation of the true ground
reading. The basic instriiment uscd. in the aerial surveys was theý,
AN/PtR-39 survey meter modLf Led t-:, i-i, ad up to 506 r/hr. The t.4 9
decay approxtimation was users to e)t•.polate the 11+4 hour dose-rat"
readingii to R+1 hour.
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%AX. 57 ZNIWIU WIND DTK FMR PPATION HD CK I- SNQUOIA

Altitude H-ý hour H+5f hours H+104X hours
(ML rr Speed DIr Speed Dir 23eefeet degrees mph degrees mph degrees mph

Surface 100 1 080 18 090 18
1,000 090 20 090 18 090, 23
2,000 090 22 090 22 090' 24

31000 10 22 100 22 00 2

5,000 000 23 100 24 090 22
6,ooo 100 22 100 20 100 20
7,000 100 22 090 17 100 17
3,0oo0 100 25 100 15 100 15
9,000 100 21 110 14 00 W14

10,000 100 18 110 16 100 16
"12,000 110 20 110 16 090 15
1,000 130 15 130 lA 130 08
15,000 (120) (13) (130) (13) (130) (09)
16,000 120 10 130 i3 130 1218,000 050 07 00o 13 120 iO
20,000 04O 13 080 09 130 05
23,000 010 23 010 18 040 16
25,000 34o 18 34o 22 020 07
30,000 010 15 030 10 320 09
35,000 020 18 020 18 020 07
40,000 010 28 360 21 010 17
45,000 020 36 010 29 010 21
50,000 270 26 340 22 300 17
55,000 010 18 3.0 12 050 08
60,0o0 o8o 114 100 22 110 18
65,•0o 100 28 100 30 080 29
70,000 090 39 090 45 090 48
75,000 100 55 100 17 100 57
80,000 090 56 090 54 090 67
85,000 100 72 100 70 090 75
90,000 090 68 100 80 090 76
95,()0 090 90 090 90 090 83

2100,v030 090 -- -- i 100
105,0 00 . 090 109

110,000 ... 090 79112,0O0 too- ! -•I• .. " 0 82 '

=, Numbers in parentheiei are estiuated values.

2. Wind data -*as taken by the En~iwetok ieather station.
Tropopause height was 52,000 ft MM!.
The surface air pleasure vas 14.61 psi, the e.prature 27.2 0 C,
tha~ev point 83.5°F, ad the relative hum4fty 76%.
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Figure 160. Hodographs for Operation HARDTACK I - Sequoia.
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OPERATION HARIEACK I - Cedar

PPO Time GMT Sponsor: UCRL

Dk.E 3 July 1958 2 July 1958
TIME: 0530 To30 SITE: PPG -nBikini S. J of

Charlie, 4,'YJO ft frdm
the island

Site elevation: Sea level

HEIGHr OF BURST: io..84 ftrt

TYPE OF BURST AND PIACEMF2T: U
Surface burst from barge
on- water

CLOUD TOP I-IGHT: 50,000 ft MSL j

CLOUD BO=YIM HEIGHrT: 35.000 ft MSL

REMARKS:

Only individual island dose rates are available. These vere obtained

from Radiological Safety organization helicopter surveys at H+11. hours.

The helicopter survey technique called for the pilot either to land the

aircraft at the desired spot, so that a ground reading could be obtained,

or to make a slow pass over the desired spot at an elevation of 25
feet. Readings taken at 25 feet were multiplied by a facLor of 2 in

order to obtain a reasonable approximation of the true grouid reading.

The basic instrument used in the aerial surveys was the AN/PDR-39
survey meter modified to read up to 500 r/hr. The t"1 '2 decay

approximation was used to extrapolate the H+4 hour dose-rate readings

to H+l hour.
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TABLE 58 BIKINI WIND ITA FOR 0PPTATION HAIRDACK I- CEAR

Altitude II4- hour 1++6:F hhour II+ ours
(MKSL) Dir speed Dir .Speed Dir Sleed
feet degrees mph degrees mph degrees mph

Surface 080 18 090 16 090 i81, 000 090 26 1 io 17 080 22
5,000 100 29 .00 23 090 25 664
3,000 Ito 30 080 28 090 26
4,000 110 29 i00 25 i00 28
5,00o 110 28 09 285 100 26
6,000 110 2. 080 23 110 25
7,000 100 20 080 23 070 28
8,000 100 25 080 28 100 22 I9,000 100 21. 090 30 110 26

1o,0oo0 09o 20 09o 30 100 28
12,.000 080 16 090 21 120 21

14,000 060 13 070 21 080 21
15,000 (040) (13) (070) (20) (090) (20)
16,ooo 030 13 070 20 100 20
18,000 350 03 050 17 060 13
20,000 270 12 Calm Calm 34o 05
23,000 270 15 Calm Calm 340 08

25,000 (250) (16) 28o 10 300 07
30,000 230 21 240 17 220 16
35,000 200 33 210 25 210 4740,000 210 4o 210 47 220 53!

45,000 250 47 24o 39 220 38
50,000 250 28 220 46 230 41
53,000 -- 240 38 --
55,000 260 20 ---.-- 290 09
60,000 090 22 ..... 100 26
65,00o 080 28 ...... 100 3.

NOME:
1. Numbers in parentheses are estimated values.
2. Wind data was takern orl bcoard ship within 30 nautical miles

of the Tower at Nan, island, Bikini Atoll.
3. Tropopause height was 91,000 ft MSL.
4. The .*urucace air pv•s;ure was 14.65 psi, the tempeiv+.ure 2718.4c0 C,

, the dev point 76.30F, and the relative humidity 79%.
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OPERATION 1ARDTACK I - Dogwood

PPG Time GMT_ _ Sponsor: UCRL J

DATE: 6 July 195b 5 July 1958
MT-Eh 0630 1830 SITE: PPG - Eniwetok - SW of

Janet 4,000 ft to nearest
edge of island (Sta. 1312)
I11 39' 48" N

1620 13' 48" E 4
HEIGHT OF BURST: 12.25 ft

TYPE OF BURS3T AND PIACrMf-NT:
Surface burst from barge

CLOUD TOP TEIGHT: 58,000 ft MSL on water

CLOUD BOTTOM IMIGHT: 35,000 ft MSL

I

Only individual island dose rates are available. These were obtained

from Radiological Safety organization helicopter surveys at H+4 hours.

The helicopter sur~ey technique called eor the ;ilot either to land

tb. aircraft at the desired spot, so that a ground reading couId be

obtained, or to make a slow pass over the desired spot at an elevation

of 25 feet. Readings taken at 25 feet were multipl!'d by a factor

of 2 in order to obtain a reasonable approximation ot' the true

ground read hiq,. The basic instriment used in the aerial surveys
use the AN/PDR-39 survey m.eter modified to read up to 500 r/hr. The

t-i' decay approxiffation was used to extrapolate the H+4 hour dose-

rate readings to 11+1 hour.
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TAME3 59 DIIWIU WIND DkTA FOR OPERATICIN HkM11C I DOI2GWOOD

1*Altitude H-A, hour HT5~hour. E.guF
(MSL) Dir Speed Dir Sreed Dir Speed

feet degrees mph degrees mph degrees mph

Surface 090 18 090 18 080 16
1,000 080 20 080 151 080 16
2,000 080 214 090 20 070 18
3,000 090 25 100 17 010 21
4,o00 090 24 100 15 080 21
5,000 090 20 100 15 080 16
6,000 090 17 100 15 090 14
7,000 080 20 100 14 090 15
8,000 080 17 080 14 090 15
9,000 070 18 080 17 080 114

10,000 080 20 090 17 090 14
12,000 100 16 090 18 100 11414,000 100 14 100 20 120 17 "

5.5000 (100) (17) (100) (20) (130) (16)
16,000 100 21 110 22 150 15
18,000 100 22 110 21 120 2220,000 100 18 110 17 i2O 20

23,000 100 12 100 23 110 26
25,000 100 12 090 24 iCo 2930,000 120 21 080 30 1o40 20 "
35,000 130 18 160 18 160 21
40,000 190 38 180 22 160 25
45,000 210 40 200 29 140 38
50,00o 280 15 250 21 Mp40 15
55,o0o 90A 17 160 09 240 05
60,000 030 10 090 18 080 20
65,000 050 22 090 24 - --
70,000 050 144 090 38 -

75,000 050 .0 100 .0
60,000 --- v0 54 ...

95,000 .... 100 92
200,000 ..... 2i0 101 ..
M10500 --- 090 23o4 ---.

WI mbers In parenthemem are *atinmted ialm,
V. Wind vi ta wsa taken by the 1thietok weather station.Thi apaus htlobi, was 5,000 ft MM.

10we awlace air pressure was 14.63 pal, the teupratu 2T.A°C,:the ie point 7F, avA the relative hvaidity 85%.
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Figure 164. Hodographs for Operation HAP1JACK I - Dogwood.
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OPERATION 1ARDTACK I - Poplar

PPG Time GMT Sponsor: UCRL
DATE: 12 July 1958 12 July 1958
TIME: 1530 0330 SITE: PPG - Bikini - SW of

Charlie, 7,500 ft from
the nearest edge of island
.10 41h 17" N

1650 15' 52" E
Site elevation: Sea level

HEIG1' OF BURST: 11.66 ft

TYPE OF BURST A"MD PLIC!1IENT:
Surface burst from barge on

CLOUD TOP HEIG.rL: > 61,000 ft MSL water over reef
CLOUD BOTTOM H2GHrr: 42,000 ft MSL

REMARKS.

Only individual island dose rates azr available. These were obtained
from the Radiological Safety organization helicopter surveys at
H+4 hours. The helicopter survey techr.ique called for the pilot
either to land the aircraft at the desired spot, so that a ground
reading ciuu6 be obtained, o- to make a slow ptLs over the desired
spot at an elevation of 25 feet. Readings taken at 25 feet were
multiplied by a factor of 2 in order to obtain a reasonable approxi-
mation of the true ground reading. The basic instrument used in
the aerial surveys was the AN/PDR-39 survey meter modified to read
up to 500 r/hr. The t-1 *' decay approximation was used to extrapolate
the H+4 hour dose rate readings to H+1 hour.
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TABLE 60 BIKINI WIND DATA FOR OPERATION IARDTACK I - POIAR

Altitude 11+' hour 11+8ý, hours
(MSL) Dir Speed Dir Speed
feet degrees mph degrees mph

Surface 060 14 070 18
"1,000 070 2 070 2i2,000 06o 24 080 24

3,000 060 22 080 22
4•,000 060 22 080 20
5,000 050 22 090 15
6,ooo 060 21 090 14
7,000 070 18 080 17
8,000 070 14 080 20
9,000 070 07 070 21

10,000 060 13 070 24
12,000 080 22 070 26
14,000 100 18 090 21
15,000 (O00) (15) (100) (21)
16,000 110 13 100 21
18,000 120 16 120 16

20,000 150 12 110 16
2-3,000 220 07 100 16
25,000 260 08 110 14
30,000 .. 210 09
35,000 --- 210 1640,OOO --- 210 17

45,000 .. 130 21
50,000 .. 210 31
55,000 .. 18o 12
6o,000 .. 090 25
65,000 --- 090 24
70,000 --- 090 36

72,000 .. 080 47

NOTES:
1. Numbers in parentheses are estimated values.
2.. Weather observations were made using the standard rawinsonde

system on Nan Island (Bikini Atoll) adjacent to the Nan Tower.
Additional data was taken on board destroyers.

3. Tropopause height was 55,000 ft MSL.
4. The surface air pressure was 14.62 psi, the temperature 27.9 0 C,

the dew point 81.9°F, and the relative humidity 99%.
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OPERATION ARMID\CK I - Scaevola

PPG Time anT Sponsor: IASL
MTE: 1' July 1958 14 July 195U8
TI: 1600 0400 SITE: PPG - Eniwetok - Off

Yvonne
12P 33' 15 " N

1620 21' 241" E
Site elevation: Sea level

HEIGII1 OF BURST: 20 ft

TYPE OF BURST AND PIACF14ENT:
CLOUD TOP HEIGHT: NM Surface burst from barge
CLOUD BOTTOM MtEIGHT: N4 on water

REMARKS:
No fallout.

%I
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OPERATION JIARU•ACK I- Pisonia

PPG Time GMT Sponsor: 1ASL
IATE: 18 July 1975 17 July 1958
TIME: 1100 2300 SITE: PPG - Eniwetok - 11,000 ft

W of Yvonne
110 33' N

16P-0 19' 43" E
Site elevation: Sea level

HEIGHT OF BUIRST: 6.5 ft

TYPE OF BUROT AIM) PIAC•NIET:
Surface burst from barge on

CLOUD TOP 1.-IGfl: 55,000 ft MSL water
CLOUD BOTI.AM 1UEIGI: NM

RE4ARKS:

Only individual island dose rates are available. These were
obtained from Radiological Safety organization helicopter surveys
at 1{+4 hours. The helicopter survey technique called for the
pilot either to land the aircraft at the desired spot, so that a
ground reading could be obtained, or to make a slow pass over the
desired spot at an elevation of 25 feet. Readings taken at 25
feet were multiplied by a factor of 2 in order to obtain a
reasonable approximation of the true ground reading. The basic
instrument used in the aerial surveys was the AN/PDR-39 survey
meter modified to read up to 500 r/hr. The t-a decay approxi-
mation was used to extrapolate the 11+4 hour dose-rate readings to H+l1 hour.
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I

TAE 61 ENIWMM WIND KTA FO HAKRUMC I PISONIA

Atitude H+_ hour H4 iours H÷ A hours
(IiSL) Dir Speed Dir 3ieed Dir Speed
feet degrees mph degrees mph degrees mph

Suface Calm Calm 330 09 070 14
1,000 180 09 030 05 070 22
2D,000 170 10 090 09 070 20
3,000 160 14 090 12 080 17
4,000 140 17 100 13 090 15
5,000 130 14 120 14 110 15
6,ooo 130 12 140 16 120 14
7,000 130 14 150 17 130 10
8,000 120 10 150 18 120 10
9,000 120 08 150 20 110 14

10,000 120 13 150 17 120 18
12,000 110 12 130 13 110 14
114,000 100 09 100 12 090 14
15,000 (100) (08) (080) (13) (080) (14)
16,000 090 07 070 15 070 14
18,000 120 17 110 05 090 09
20,000 120 14 120 02 100 05
23,000 080 18 090 14 140 09
25,000 060 15 09D 17 120 12
30,000 060 22 060 15 090 07
35,000 050 21 040 17 060 07
40,000 070 09 050 12 090 09
45,000 040 20 0o40 06 040 06
50,000 050 12 050 15 130 10
55,000 00 12 210 05 130 12
60,000 110 22 12 30 110 20
65,000 090 31 090 39 090 44
70,000 090 52 090 38 090 45
75,000 090 55 100 51 090 54
80,000 090 67 100 61 090 76
85,000 100 68 090 78 090 80
90,000 090 82 090 87 ..
95,000 090 75 090 98 ..

100,000 090 97 090 83 ..
101,$000 ---. 090 76 ...
105,000 090 101 ... . .--.

MTES:
1T Numbers in parentheses are estimated values.
2. Wind data was taken by t1he Eniwetok weather station.
33. Te surface air pressure was 14.67 psi, the temperatur- 26.8 0 C,

the dev point 74.90F, and the relative humidity 83%.
A
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Figure 168. flodcgraphe for Operation RPAP.UACK I -Pisonia.
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OPERATION IIARMCK I - Juniper

PPG Time GMT Sponsor. UCHL
MTE: 22 July 1958 22 Julry --- •
TIME: 1620 0420 SITE: PPO - Bikini - 4),000 ft

from west end of Tare
110 29' 46" N

1650 22' 15" E
Site elevation: Sea level

HEIGHT OF BURST: 12. 11 ft

TYPE OF BURST AND P1ACFFNIE:
Surface burst from barge

CLOUD TOP ImIuInHO 4,000 ft W'L on water
CLOUD BOMAM HEIGIH: 24,000 ft MSL

REMARKS:

Only individual island dose rates are available. These were obtained
from Radiological Safety organization helicopter survuys at 11+4 hours.
The helicopter survey technique called for the pilot either to land
the aircraft at the desired spot, so that a ground reading could be
obtained, or to make e slow pass over the desired spot at an elevation
of 25 feet. Readings taken at 25 feet were multiplied by a factor of 2
in order to obtain a reasonab'.z approximation of the true ground
reading. The basic instrument used in the aerial surveys was thc AN/PDR-39
survey meter modified to read up to 500 r/hr. The t-4 i decay approxi-
mation was used to extrapolate the H+4 hour dose-rate readings to H+1
hour.
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TABLE 62 BIKINI WinD rTA FOR OPEATION HARACKA I - JUNIPER

Altitude 1H4-1 hour H+7i hours H+i5' hours
(MSL) Dir ,peed Dir Speea Dir Speed
feet degrees mph degrees mph degrees mph

Surface 080 16 100 09 110 07
1,000 080 18 100 16 110 13
2,000 090 20 100 16 120 14
3,000 100 21 110 17 120 14
4,000 100 21 110 17 120 14
5,000 100 20 110 17 110 15
6,000 110 18 110 18 110 17
7,000 110 16 100 20 110 20
8,000 110 13 090 18 100 18
9,000 110 09 090 17 100 15

10,000 110 10 080 16 100 15
12,000 120 13 090 16 100 16
14,000 120 16 090 16 100 16
15,000 (12) (15) (090) (17) (100) (16)
16,0OO 130 14 100 18 100 16
18,000 130 15 100 15 100 13
20,000 130 18 110 18 090 12
23,000 130 21 120 20 100 10
25,000 140 22 140 09 100 09
30,000 14o 16 150 07 080 06
35,000 150 12 300 02 260 12
4O,OOO 310 12 310 14 330 10
45,000 090 10 070 13 300 13
50,000 L20 12 120 09 050 09
55,000 230 07 320 03 060 07
60,000 080 31 090 38 090 36
65,000 090 36 080 32 --- .-
70,0o 100 48 080 38 --

75,000 090 51 090 41 ..
80,000 080 63 080 63 ..
85,000 090 67 090 79 ---
90,000 080 67 090 98 ---
95,000 080 76 090 121 ..

100,000 090 78 --- --

105,000 090 80 ... .. ... .

S ii NOTES:

1. Numbers in parentheses are estimated values.
2. Weather observntiont were made using the standard rawinsonde

system on Nan Island (Bikini Atoll) adjacent to the Nan Tower.
Additional data was taken on bonrd destroyers.

-I 3. Tropopause height was 51,000 ft MSL. I
4. The surface air pressure was 14.64 psi, the temperature 30.8 0 C,

the dew point 78.9 0 F, and the relative humidity 76%. 8P
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Figure 170. Hodographs for Operation HARDTACK I - Juniper.
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OPEMTION 1IARDTIACK I -Olive

PPG Time GMT Sponsor: UCmI,
DATE: 23 July .1978 22 2JulY 1.956
TIM4E: 0830 2030 SITE: PPG - EniwetoX SW of

Janet, 4,000 ft fromJI the nearest edge of
island (Sta. 1.35.2)
110 39, 48" N
1620 13' 481"

Site elevation: Sea level

HTEIGH1T OF BUIRST: 8.0 ft

CLOUD TOP HfEIGHT: 50,000 ft MS)L TYPE OF BURPST AND PLACU411-17T:
CLOUD BOTj.IXM HLEIGHT: 15,-.000 ft MSL Surface burst 'Crom. barge~

on water

REDvIRKS:

Only individual dose rates are available. These were obtained
from Radiological Safety orgnization helicopt~er surveys ait 11+4
hours. The helicopter curvey technique called for the pilot
either to land the aircraft at thQ des-ired spot., so that a ground
reading could be otieor to make a slow pass over the desired
spot at an elevation of 25 feet. Ruadittgsý takeni at 25 feet wera
multiplied by a factor o~f 2 in order to obtain a reasonable ap-
proximation of the true ground reading. The basic instrument used
In the aerial surveys was the AN/PDR-39 survey meter modified to
read up to 500 r/hir. The L' decay approximation was used to

extrapolate the 11+4 hour dose-rate readitigs to 11+1. hour.[J
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Figure 171. Operation HARACK I -Olive.
Island dose rates in r/hr at H+1 hour.
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TABLE 63 ENfl'LErK VIND DATA FOR~ OPMATION HARMYACK I -OLIVE

Altitude H-2i hours K-hour H43_i hours H+, hoursJ
(14SL) Dix- p.ed Dir _p#ed Dlir Speed Dir OPeed
feet. degreesi mph degrees mph degre~es mph degrees mph

Surface 310 18 230 18 130 18 160 21
1,000 130 25 130 23 120 20 1140 15
2,000 130 32 1.10 29 130 24 150 17
3,000 130 29 130 26 1140 22 150 21
5,000 130 26 1140 24 150 20 160 21
5,000 130 26 114 24 150 20 150 21
6,000 130 26 140 24 150 22 160 20
7,000 120 29 130 28 14o 26 160 17

8,000 120 29 130 29 140 28 140 17
9,000 120 26 130 25 14&0 24 1140 16

10,000 120 23 130 23 '140 22 140 16
12,000 110 23 120 23 130 22 140 20
114,000 120 214 120 24 130 P4 130 20
15,000 -- - (120) (23) (130) (22) (1140) (18)
16,000 120 23 120 22 130 20 140 18
18,000 --- - -- 150 23 1140 20
20,000 120 21 130 23 140 26 130 20
23,000 140 1 140 17 130 17 130 20
25,000 140 24 140 16 140 12 130 18
30,000 150 15 150 14 150 12 110 15
35,000 190 17 180 17 160 17 150 10
40,000 180 13 18o 15 160 17 200 09
45,000 140 10 140 14 130 18 100 10
50,000 050 07 090 07 150 07 320 12
55,000 040 15 070 15 100 114 090 26
60,000 100 33 100 32 100 31 120 25
65,000 070 33 080 37 100 41 090 38
7(0,000 --- - -- - 110 38 090 38
75,000 -- - -- -- 090 52 090 59
80,000 --- - - 100 70 100 67
85,000 -- - - -- 100 714 090 67
90,000 ... 0--- - 90 82 090 89
91,000 --- -. -- * - - 090 92
94,00 oo- -- - 0-9-0 90 ... -

1. Rumbers in pare-ntheses are estimated values. ert 2.0C

2. Vnd atawas ake bythe Eniwietok wieather station.

4. H-orvle eeInterpolated from H-2j hours and H+31 hours

A5.
the dewe point 760~F, and the relative humidity 89%.
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Figure 172. Hodographs for Operation HARDTACK I - Olive.
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OPETATION HARDIIACK I - Pine

PPG Time GMT Sponsor: UCRL
DATE: 27 July 1958 26 July 1958
"TIMEM: 0830 2030 SITE,: PPG - Eniwetok - SW of

Janet, 8,000 ft to
nearest edg-e of island
110 39' 22" N

1620 13' 1i" E
Site elevation: Sea level

11EIGirT OF BUF2T: F.C ft

TYPE OF BURST AND PIACrMENT:

CLOUD IrIG}IT: Not available Surfuce burst :rom barge
on water

REMARKS:

Only individual island dose rates are avalable. These were obtained

from the Radiological Sufety org'enization helicopter surveys at

H+4 hours. The helicopter survey technique called for the pilot
either to land the aircraft at the desired spot, so that a ground
reading could be obtained, or to mwike a slow pass over the:: desired
spot at an elevation of 25 f'et. R,-.adinr's taken at ;5 feet were
multiplied by a factor of 2 in order to obtain a reasonable
-approximation of the ltruc ijround readinit. The basic instrument
used in the aerial surveys was the AN/F'DR-39 survey meter modified

to read up to 500 r/hr. The t-1 ,2 decaj approximation was used
to extrapolate the Hi+4 hour dose-rate re-'dings to 11-1 hour.

:I
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TABLE 64 ENIV*E'IK •IND DATA FOP OPERATION 1IARDTACK I - PINE

[Altitude 11-b hour , [+3 hours 109% hours
JM rSL) Dir Spee~d Di 4rz. Speed
eet degrees mph degrees mph degrees *p-'

Surface 200 18 230 12 2O0 05
1,000. 210 17 -. -- 190 08
2,000 200 17 --- 240 07
3,000 200 17 .. 240 12
4,000 200 17 -. 220 .13
5,000 200 12 220 07 210 13
6,000 190 12 180 09 220 13
7,000 170 05 170 10 220 13
8,000 200 05 170 09 210 12
9,000 200 05 180 09 200 12

10,000 200 05 180 10 200 12
12,000 170 05 180 08 170 10
14,000 150 06 170 09 210 10
15,000 (140) (05) (140) (05) (210) (06)
16,000 130 05 160 06 220 02
18,000 080 05 190 05 Calm Calm
20,000 100 08 190 03 120 0o
23,000 14o 13 180 09 120 07
25,000 160 17 160 14 150 08
30,000 160 26 150 18 140 10
35,000 150 24 140 26 120 20
4o,ooo 190 16 140 21 140 26
45,000 200 16 150 20 120 33
50,000 190 14 170 13 180 05
55,000 130 14 130 14 120 15
60,000 080 23 090 23 130 23
65,000 090 41 .-...
70,000 100 48 ... .. ....
75,000 100 59 ... .. ... .
80,000 100 69 ... .. ... ..
85,000 100 81 ---... .. ..

90,000 100 91 100 68 .....
92,000 --.-- 100 70 .....
95,000 100 90 ..--... ..

100,000 100 99 ... .. ....
105,000 100 240 ... .. .....
110,000 100 126 ... .. ....
115,000 100 232 ---... .. ..

NOTES:
L Numbers in parentheses are estimated values.
2. Wind data wVs taken by the Eniwetok weather station.
3. Tropopause height was 52,000 ft. MSL.
4. The surface nir preasure uaa 14.64 psi, the temperature 26.7 0 C,

the dew point 75.5 0 F, and the relative humidity 85%.
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Figu• e 174 Hodographs for Operation Ma•DTACK I - Pine.
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OPERATION IARDTACK I - Teak

PPG Time _ T Sponsor: DOD
DATE: 31 July 1995b 31 July 1958
TIME: 2350 1050 SITE: PPG - Johnston Island

4160 4' 38" N
1690 32' 00" W

HEIG•T OF BURST: 250;000 ft

TYPE OF BURST AND PLACFUNI1T:
High altitude burst from
Redstone missile over
vicinity of Johnston Island.

REkARKS:
No local fallout. CLOUD TOP IT.IGNrT: NM

CLOUD BOPWOM IG5IGHT: NM
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OPERATION IIARDTACK I - Quiice

PPG Time _ rT Sponsor: UCRL - DOD
DATE: 6 Aur 1958 6 Aug 1958TIM1E: 4115 0215 SITE: PPG - Fniwetok - Yvonne

-- 11 33' 15" N
1620 21' 24" E

Site elevation: Sea level

HEIGHT OF BURST: 3 ft

TYPE OF BURST AND PIACEM4ENT:
Surface burst from pLatform

CLOUD TOP IMIGPT: 1,500 ft MSL on coral soil

CLOUD BOIIOM M IG l2: N14

RM'ARKS:

Only alpha contamination resulted from this detonation. Surface
alpha monitoring was conducted throughout the area on D and D+l day
with PAC-3G gas-flow proportional alpha counters. The readings
were tnken in counts per minute, corrected for the probe area,
and multiplied by the appropriate shielding factors to compensate
for the rouehness of the surface monitored. The two isoconcentration
lines shown are the most significant ones, since 3,500 Pgg/M is
the chronic hazard limit and any concentration in excess of 1,000 pal/e
requires decontamination. It is interesting to note that in the great
majority of cases the alpha concentrations in the downwind area were
higher on D+l than on D day.
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TABLE 65 ENvIePOK WINfND ITA FOR MERATION HARDTACK I - QUINCE

Altitudu 11-hour
(MSL) Dir _ Speed _

feet degrees mph

Surface 060 13
241 070 14
482 070 14
723 070 16

4 080 1_6

NOTE: Wind data was taken by the F:.iwetok weather station.

SC ALE

.5 1.0 1.5 2.0
84 miles

Rise rate: SO00ft/hr

0.60

0.36

0.12

S
H-Hour

Figure 176. Hodograph for Operation HARDTACK I - Quince.

It3

•! i310



OPFMATION HIIARTACK I - Orange

PPG Time GMT _Sponsor: DOD
DATE: 11 AuC 196 11 Aug 1958
TIME: 2330 1030 SITE: PPG - JohnstonS-- 16° 21' 30" N

1.690 32' o8" E,

HEIGHT OF B'J]R.T: 1h4, 1000

TYPE OF BURST AND PIACF4aET:
High altitude burst from
Redstone missile over the
vicinity of Johnston Island.

CLOUD TOP }HIIG1IT: T4
CLOUD B(aTCi0M ILJGH[T: NM j
RFT4AAKS: No local fallout.
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OPHIATION IARDTACK I - Fig

PPG Time GMT Sponsor: UCRL - DOD
rATE: 18 Auý 1978 i8 AUg 1958
TIM-': 1600 O4O0 SITE: PPG - Eniwetok -

Yvonne
110 33' 15" N

1620 21' 24" E
Site elevation: Sea level

HEIGHIT OF BURST: 1.5 ft

TYPE OF BURST AND P4ACIIITr,,:
Surface burst frona platform
over Nevada soil

CLOUD TOP !HEIG!Ir: 5,4Oo ft MSL
CLOUD BOTIDM IH.. IGh.: 4,t3CO ft MSL

*41

REMARKS:
The dose-rate contours were obtained by ground survey readings made by

scientific projects. Actual decay measurements were used to correct
the dose-rate readings to 11+1 hour. The portion of the pattern on the
island is reliable. Tlat portion which Ls over water is less reliable
because it was not based upon free-field dose-rate readings but upon
calculations made from reading~s taken on five barites and from samples

j collected in sticky pans mounted on 87' buoys.
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TABLE 66 ENTWETOK WIND DATA FOR OPERATION HARDTACK I- FIG

Altitude Range H-hour
(MSL) Dir Speed
feet degrees mph

0 - 1,000 080 17
1,000 - 2,000 090 19
2,000 - 3,000 100 18
3,000 - 3,000 110 19
4,000 - 5,000 100 18
5,000 - 6,oo0 100 186,000 7, O00 090 18
7,000 - 8,000 090 21
8,000 9,000 090 21
9,000 -10,000 080 21

NOTES: 1. Wind data was obtained by the ueather stations on
Yvonne Island (Eniwetok Atoll); which were located
1,000 yds and 1,500 yds from GZ.

2. The surface air pressure was lh.62 psi, the temperature
30 0 C, the dew point 78 0 F, and the relative humidity 77%.
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Figure 179. Hodograph for Operation HARDTACK I - Fig.
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OPERATION ARGUS - ARGUS I

Local Time GMT Sponsor: DOD
DATE: 27 Aug 1958 27 Aug 1958
T-I•: 0128 0228 SITE: South Atlantic

380 48' s
TOTAL YIELD: 1-2 kt estimated 110 55' W

HEIGHT OF BURST: - 300 miles
FIREBALL DATA:

Time to ist minimum: NM
Time to 2nd maximum: NM TYPE OF BURST AND P1ACB4ENT:
Radius at 2nd maximum: NM High altitude burst

CLOUD TOP HEIGHT: NM
CLOUD BOTTOM ][EIGHT: NM,

REMARKS:
No fallout.
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OPERATION ARGUS - ARGUS II

Local Time GMT Sponsor: DOD
DATE: 30 Aug 19)8 30 Aug 1958
TIME: 0218 0318 SITE: South Atlantic

-49P 23' S
TOTAL YIELD: 1-2 kt estimated 080 43' W

HEIGHT OF BURST: - 300 miles

FIREBALL IATA:
Time to 1st minimum: NM
Time to 2nd maximum: NM TYPE OF BURST AND PIACEMENT:
Radius at 2nd maximum: NM High altitude burst

CLOUD TOP HEIGHT: 04M
CLOUD BOTTOM HtEIGIH: NM

REMARKS: No fallout

31i
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OPERATION ARGUS - ARGUS III

Local time GMT Sponsor: DOD
E: 6 Sep 1958 6 Sep 1958

TIME: 2113 2213 SITE: South Atlantic4+90 30' S
TOTAL YIELD: 1-2 kt estimated- 100 24, W

HEIGHT OF BURST: - 300 miles
FIREBALL JITA:

Time to ist minimum: NM TYPE OF BURST AND PIACEMENT:
Time to 2nd maximum: NM High altitude burst
Radius at 2nd maximum: NM

REMARKS: No fallout CLOUD TOP HEIGHT: NM
CLOUD BOTTOM HEIGHT: WM
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OPERATION I)OMINIC- Adobe

LOCT GMT SPON.OR: LASL
DATE: 25 Apr 1962 25 Apr 1962
TIME: 0545 1545 -I_.: Christmas Islands GZ-10

SITE ELEVATION: Sea Level

Hi1G1HT OF BURST:

TYPE OF BURST AND' ,2LACEMENT:
Air (free fall), over
Pacific Ocern

OPERATION DOVINIC- Aztec

LOCT GMT SPONSOR: LASL
DATE: 27 Apr 1962 27 Apr 1962
TIME: 0601 1601 SITE: Christmas Island, GZ-10

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AiND PLACEMENT:
Air (free fall), over Pacific

Oce au

O2ERATION DOMINIC - Arkansas

LOCT CMT SPONSOR: LRL
DIrE: 2 May 1962 2 May 1962
TIME: 0801 1801 SITE: Christmas Island, GZ-15

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF UJURST AND PLA•tVM'NT:
Air (p.arachuut drop), over
Pacific Oc,,;in
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OPERATION DOMINIC- Questa

LOCT GMT SPONSOR: LASL

DATE: 4 May 1962 4 May 1962
TIME: 0904 1904 SITE: Christmas Island, GZ-15

SITE ELEVATION: Sea Level

BEIGHT OF BURST:

TYPE OF BUR, 1' AND PLACEMENT:
Air (free fall)j over
Pacific Ocear.

OPERATION DOMINIC- Frigate
Bird

LOCT GMT SPONSOR: LRL
DATE: 6 May 1962 6 May 1962
TIME: 1330 2330 SITE: Johnston Island danger area

40 50' N
1490 49' W

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air, from Polaris missile

OPERATION DOMINIC - Yukon

LOCT Gm'r _ SPONSOR: LRL
DATE: 8 May 1962 8 MLy 1962
TIME: 0801 1801 SITE: Christmas Island, GZ-10

SITE ELEVATION: Sea Level

HEIGHlr OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (parachute drop), over
Pacific Ocean
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OPERATO0N DOMINIC - Mesilla

LOCT GMT SPONSOR: LASL
DATE_: 9 May 1962 9 May 1962
TIMI•: 0701 1701 SITE: Christmas Island, GZ-10

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND 1.A.CENT:
Air (free fall), over
Pacific Ocean

z OPERATION DOMINIC - Muskegon

LOCT GMT
DATE: 11 May 1962 11 May 1962 SPONSOR: LRL
TIME: 0537 1537

SITE*: Christmas Island, GZ-1O

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEXIENT:
Air (parachute drop), over
Pacific Ocean

OPERATION DOMINIC - Sword
Fish

PST GMT SPONSOR: DOD
DATE: 11 May 1962 11 May 1962
TIM- : 1202 2002 SITE: -400 miles west of San Diego

310 14.7' t 0.3' N
124* 13.3' A 0;3' W

SITE ELEVATION: Sea Level

DEPTH OF BURST:

WATER DEPTH: 17,100 ft

TYPE OF BURST AND PLCi.
Underwater, from anti-
submarine rocket

REMARKS:

Figure 180 illustrates the growth and movement of the pool of radio-

activity resulting from the Sword Fish test. The contours from D-day

"to D+6 days represent readings in mR/hr at 500 feet above the water surface.
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OPERATION DOMINIC - Encino

LOCT GMT &ns_ or: LASLiDArE: 12 May 1962 12 Hay 1962
TIME: 0702 1702 SITE: Christmas Island, GZ-12

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (free fall), over
Pacific Ocean

OPERATION DOMINIC- Swanee

LOCT GMT SPONSOR: LRL

DATE: 14 May 1962 14 May 1962
TI.MI: 0521 1521 SITE: Christmas Island, GZ-lO

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TY#E OF BURST AND PLACEmENT:
Air (parachute drop),
over Pacific Ocean

OPERATION DOMINIC - Chetco

LOCT GMT SPONSOR: LRL
DATE: 19 May 1962 19 May 1962
TIME: 0536 1536 SIT4: Christmas Island, GZ-1O

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PlACEMENT.
Air (parachute drop),over

-_, Pacific Ocean
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OPEkATION DOMINTC - Tanana

LOCT GMT SPONSOR: LRL
DATE: 25 May 1962 25 May 1962
TIME: 0608 1608 SITE: Christmas Island, GZ-10

SITE ELLEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURSTr AND PLACEMENT:
Air (parachute drop), over
Pacific Ocean

OPERATION DOMINIC- Nambe

LOCT GMT SPONSOR: LASL
DATE: 27 May 1962 27 Mlay 1962
TIME: 0702 1702 SITE: Christmas Island, GZ-1O

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (free fall), over
Pacific Ocean

OPERATION DOMINIC- Alma

LOCT Glfl' SPONSOR: LASL
DATE: 8 Jun 1962 8 Jun 1962
TIME: 0702 1702 SITE: Christmas Island, GZ-15

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (free fall),over
Pacific Ocean
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• "OPERATION DOMINIC -Truckee

'LOCT GMT SPONSOR: LRL

:•iDATE: 9 Jun 1962 9 Jun 1962
T•I---E: 0537 1537 SITE:" Chistmas Island, GZ-10

[~

S• SITE" ELVATION " Sea Level

I

HEIGHT OF BURST:

STYPE OF BURST AND PL AC EME NT:
SAir (parachute drop'), over

, Pacific Oce-an

OPERATION DOMINIC - Yceso
LOCT GMT SPONSOR: LASL

DATE: 90 Jun 1962 90 Jun 1962
TIME: 0601 1601 SITE: Christmas island, GZ-20

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (pree fall),over
Pacific Ocean

OPERATION DOMINIC Harlem

LOCT GMT SPONSOR: LRL
DATE: 12 Jun 1962 12 Jun 1962
TIME: 0537 1537 SITE: Christmas Island, GZ-17

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (parachute dropl over
Pacific Ocean
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OPERATION DOMINIC - Rinconada

LOCT GMT SPONSOR: LASL

DATE! 15 Jun 1962 15 Jun 1962
TI-M: 0600 1600 SITE: Christmas Island, GZ-17

SITE, ELEVATION : Sea. Leve-I

HEIGHT OF BURST: I

TYPE OF BURST AND PLACE1'IENT:
Air (free fa].l), over
Pacific Ocean

OPERATION DOMINIC - Dulce

LOCT CMT SPONSOR: LASL

DATE: 17 Jun 1962 17 Jun 1962 •1
TIME: 0600 1600 SITE: Christmas Island, OZ-10

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (freu fall),over
Pacific Ocean

OPERATION DOMINIC- Petit

LOCT GMT SPONSOR: LRL

DATE: 1.9 Jun 1962 19 Jun 1962
TiME: 0501 1501 SITE: Christmas Island, GZ-17

SITE ELEVATION: Sea Level

lEIlTrr OF BURST:

TYPE OF BURST AND PLACEMENT:

Air (parachute drop), over
Pacific Oceap
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r OrF7!WVION' T)OMINIC- Otowi

S LOC-T (TUI___ SPONSOR: IAZSL
DATE: 22 Jun 1962 22 Jun 196-2
TTTW: 0600 M6oo SITE: Christmas Island, GZ-10

SITE ELEVATION: Sea Level

IIEOIGHT OF MIfST:

TYPE OF BLUIST AND PLACEM.ENT:
Air (free fall), over

O~EFATI0N POMINIC -Bighorn

LOCT G-MT SPONSOR: LRL
DATE,: 27 Jun 196 27 Jun 1962
TýIFE: 0519 1519 SITE: Christmas Island, GZ-30

SITE ELEVPATTON: Sea Level

HEIGHTT OF WJRST:

TYPE OF MUST AND PLACE~MENlT:
Air (parachute dror), over
Pacific Ocean

OTIMMATI0N DO1M1INIC -Blue stone

LOCT G1~T SPONS OR: LRIL
DATE 30 Jun 1962 30 Jti W
'P1"4I: 0521 1521 SITE: Chirstmas Island, GZ-25

SITE ELEVATION: Sea Level

HEIGHT OF- BMUIMT

TYPE OF BURST AND PLACEMENT
Air (parachute drop), ovcr
Pacific Ocean
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OPERATION DOMINIC - Star Fish Prime

LOCT GMT SPONSOR: DOD
DATE: 8 Jul 1962 9 Jul 1962
TIME: 2200 0900 SITE: Johnston Island

160 28' 06.32" N
TOTAL YIELD: 1.4 Mt 1690 37' 48.27" W

SrTE ELEVATYON: Sea Level

HEIGHT OF rWtIMT: 249 miles

TYPE OF BURST AND PLACMENrT:
High altitude, from Thor
missile

"REMARKS:

This event was conduc:-::• as a part of the Fish Bowl Series.

OPERATION DOMINIC - Sunset

LOCT GMT SPONSOR: LASL
DATE: 10 Jul 1962 10 Jul 1962
TIME: 0633 1633 SITE: Christmas Island, GZ-17

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (free fall), over
Pacific Ocean
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OPERATION DOMINIC- Pamlico

LOCT GMT SPONSOR: LRL

SDATE: 11 Jul 1962 11 Jul 1962

TIME: 0537 1537 SITE: Christmas Island, GZ-25

SITE ELEVATION: Sea Level

IEIGIT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (parachute drop), over

•. Pacific Ocean

OPERATION DOMINIC - Androscoggin

LOCT GMT SPONSOR: LRL

DATE: 2 Oct 1962 2 Oct 1962

TIME: 0517 1617 SIT1: Johnston Island
-- 13* 38.51 N

1720 11.1' W

SITE ELEVATION: Sea Level

IEIGUIT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (parachute drop), over
Pacific Ocean

OPERATION DOMINIC - Bumping

SPONSOR: LRL

LOCT
DATE: 6 Oct 1962 6 Oct 1962 SITE: Johnston Island

TIME: 0502 1602 -- 140 30' N
-1680 15' W

.SITE EILVATION: Sea Level

"HEIGHT OF BURST:

*Y .POF BURST AND PLACEMENT:

MAr (parachute drop),over
Pacific Ocean
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OPERAiEON DOMIINIC -Ch•,-n

LOCT GMT SPONSOR: LASL
DATE: 18 Oct 1962 18 Oct 1962
TI..E_: 0501 1601 SITE: Johnston Island

14 9 32 ' N.3
1089 44.7' W

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (free fall), ovcr Pacific

Oce an

OPERATION DOMINIC - Check Mate

LOCT GMT SPONSOR: DOD
DATE: 19 Oct 1962 20 Oct 1962
TIME: 2130 0830 SITE: Johnston Island

160 04' 20.57" N
1698 36' 35.95" W

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
High altitude, from XM-23
Strypi (Sergeant) missile

REMARKS:

This event was conducted as a part of the Fish Bowl Series.
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OPERATION DOMINIC - Blue Gill Triple Prime

LOCT GMT SPONSOR: DOD
DATE: 25 Oct 1962 26 Oct 1962
TIME: 2259 0959 SITE: Johnston Island

16* 24' 57.03" N
1690 361 11.15" W

SITE ELEVATION: Sea Level

HEIGHT OF BURST: A

TYPE OF BURST AND PL'WCEMENT:
High altitude, ftom Thor missile

REMARKS.:

This event was conducted as part of the Fish Bowl Series.

OPERATION DOMINIC - Calamity

LOCT GMT SPONSOR: LRL
DATE: 27 Oct 1962 27 Oct 1962
TIME: 0446 1546 SITE: Johnston Island

140 31.1' N
168° 15.6' W

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (parachute drop), over
Pacific Ocean
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OPERATION DOMIVIC- Housatonic

- GMSPONSOR: LRL

DATE: 30 Oct 1962 30 Oct 1962 SITE: Johnston Island
TIME_ : 0501 1601 13* 36.8' N

172* 13' W

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
Air (parachute drop), over
Pacific Ocean

OPERATION DOMINIC - King Fish

LOCT GMT SPONSOP.: DOD
DATE: 1 Nov 1962 1 Nov 1962
TIME: 0110 1210 SITE: Johnston Island

160 06' 48.61" N
169" 40' 56.02" W

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEMENT:
High altitude, from Thor
missile

This event was conducted as a part of the Fish Bowl Series.
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OPERATION DOMINIC - Tight Rope

LOCT GMT SPONSOR: DOD
DATE: 3 Nov 1962 4 Nov 1962
TIME-: 2030 0730 SITE.: Johnston Islaud

160 42' 26.71" N
1690 32' 32.66" W

SITE ELEVATION: ,1;ca Level

HEIGHT OF 11URST:

rTYP OF BURST£ AND PLACEMENT:
High altiLude, from Nike-
Hercules missile

REMARKS:

110s event was conducted as a part. of the Fish Bowl Series.

A
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APPENDIX A

Announced United States Nuclear Detonations

*Yields are listed as: Low (less than 20 kt)
Intermediate (20 to 999 kt inclusive)
Low Megaton (one to several megatons).

Pr~ior to October 19S8, testing was conducted on an intermittentI
basis and each series of tests was designated by a series name, such
as OPERATION CROSSROADS. The United States conducted no tests from
October 30, 1958 to September 1961. After resumption of testing, tests .
were conducted year around and were listed by fiscal year. For example,
'all NTS tests during FY-1962, which ended June 30, 1962, were in the
OPERATION NOUGAT series except for four surface tests (Little Feller r
and II, Small Boy and Johnny Boy) designated DOMINIC II, which were a
continuation of the DOMINIC I series conducted in the Pacific.
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